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DESCRIPTION
Title of Invention

TERMINAL AND TRANSMISSION METHOD

Technical Field

[0001] The present disclosure relates to a terhaind a transmission method.

Background Art

[0002] In 3GPP LTE (3rd Generation Partnership jéato Long Term Evolution),
OFDMA (Orthogonal Frequency Division Multiple Acs3ss adopted as a communication
scheme for a downlink from a base station (alserrefl to as an eNB) to a terminal (also
referred to as a UE (User Equipment)) is adoptedd &SC-FDMA (Single
Carrier-Frequency Division Multiple Access) is atigbas a communication scheme for an
uplink from a terminal to a base station (seegb@mple, NPLs 1 to 3).

[0003] In LTE, a base station performs communaatby assigning an RB (Resource
Block) in a system band to a terminal on a timet baisis, the time unit being called a
subframe. FIG. 1 shows a configuration exampla etibframe of an LTE uplink shared
channel (PUSCH: Physical Uplink Shared Channel)s sihown in FIG. 1, one subframe is
made up of two time slots. In each slot, a pltyatif SC-FDMA data symbols and
DMRS's (Demodulation Reference Signals) are timétiptexed. Upon receipt of a
PUSCH, the base station performs channel estimatorg the DMRS's.  After that, the
base station performs demodulation/decoding oSBeDMA data symbols using a result
of the channel estimation.

[0004] Further, in LTE, HARQ (Hybrid Automatic Regt Request) is applied to
downlink data. In other words, a terminal feedskba response signal indicating an error

detection result of downlink data to a base statiohhe terminal performs CRC (Cyclic
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Redundancy Check) for the downlink data, and fdetk an acknowledgement (ACK) if
there is not an error in an operation result of @RC and a negative acknowledgement
(NACK) if there is an error in the operation resoftthe CRC, to the base station as the
response signal. An uplink control channel sucla #&JCCH (Physical Uplink Control
Channel) is used to feed back this response sftralis, the ACK/NACK signal).

[0005] A plurality of formats are selectively usadcording to situations of the terminal
transmitting the ACK/NACK signal through the PUCCHFor example, if there is not
control information to be transmitted other thae #®CK/NACK signal and an uplink
scheduling request, a PUCCH format 1a/lb is us€h the other hand, if transmission of
the ACK/NACK signal overlaps with feedback of C&h@annel State Information) which
is periodically transmitted through an uplink chalhm PUCCH format 2a/2b is used.
[0006] As shown in FIG. 2, each of a pluralityACK/NACK signals transmitted from a
plurality of terminals in the PUCCH format la/lb spread by a ZAC (Zero
Auto-Correlation) sequence having a Zero Auto-datien characteristic (multiplied by
the ZAC sequence) on a time axis and is code-ntexignl in the PUCCH. In FIG. 2,
(W(0), W(1), W(2), W(3)) indicates a Walsh sequemgth a sequence length of 4, and
(F(0), F(1), F(2)) indicates a DFT (Discrete Foufieansform) sequence with a sequence
length of 3.

[0007] As shown in FIG. 2, first in a terminal etACK/NACK signal is primarily spread
to frequency components each of which correspandsi¢ SC-FDMA symbol by the ZAC
sequence (with a sequence length of 12) on a freyuaxis. In other words, the ZAC
sequence with a sequence length of 12 is multighgdACK/NACK signal components
each of which is represented by a complex numbiext, each of the primarily spread
ACK/NACK signal and the ZAC sequence as a referesigeal are secondarily spread by
the Walsh sequence (with a sequence length of 4) Wé(W(3)) and the DFT sequence

(with a sequence length of 3; F(0) to F(2)), retipely. In other words, components of
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the signal with a sequence length of 12 (the piinapread ACK/NACK signal or the
ZAC sequence as a reference signal) are multippyedomponents of an orthogonal cover
code (OCC) sequence (the Walsh sequence or the Bd¥€uence), respectively.
Furthermore, the secondarily spread signals areected to signals with a sequence length
of 12 on the time axis by IDFT (Inverse Discreteifi@r Transform) or IFFT (Inverse Fast
Fourier Transform). Then, a CP (Cyclic Prefix)added to each of the signals after the
IFFT, and a 1-slot signal composed of seven SC-FByAbols is formed.

[0008] Further, as shown in FIG. 3, a PUCCH isgaesd to each terminal in subframes.
[0009] ACK/NACK signals from different terminalseaspread (multiplexed) with ZAC
sequences defined by different cyclic shift indexesorthogonal cover code sequences
corresponding to different sequence numbers (odhalg cover (OC) indexes). An
orthogonal cover code sequence is a set of a Wadsfuence and a DFT sequence.
Further, the orthogonal cover code sequence magfbared to as a block-wise spreading
code sequence. Therefore, a base station canasephe plurality of code-multiplexed
ACK/NACK signals by using conventional despreadargl correlation processing (see,
for example, NPL 4).

[0010] By the way, recently, M2M (Machine-to-Manh) communication is promising
which realizes services by autonomous communicatinang pieces of equipment without
judgment of users as a structure supporting a dutoformation society. A specific
application example of an M2M system includes arsmad. The smart grid is an
infrastructure system for efficiently supplyingeliines such as electricity and gas. For
example, the smart grid performs M2M communicatetween a smartmeter disposed in
each home or building and a central server to aumausly and efficiently adjust demand
balance of resources. Other application exampletheo M2M communication system
include a monitoring system for article managemeetvironmental sensing or

telemedicine, remote management of stock or chafginvending machines, and the like.
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[0011] As for the M2M communication system, atienthas been paid especially to
utilization of a cellular system having an exteesiszommunication area. In 3GPP,
standardization of enhancement of a cellular ndivi@mr M2M called MTC (Machine Type
Communication) has been promoted (see, for exan\#e, 5) in standardization of LTE
and LTE-Advanced, and examination of specificatibas been started, with cost reduction,
power consumption reduction and coverage enhandemserequirements. Especially, in
the case of terminals, such as smartmeters, whiehvigually immobile unlike handset
terminals which are often used by users while teersiare moving, it is necessary to
secure coverage to provide services. Therefor@rder to support a case where, at a
place in an existing LTE and LTE-Advanced commutiice area where an LTE or
LTE-Advanced terminal cannot be used, such as tigenground of a building, a terminal
(an MTC terminal) usable at such a place is disphoSeoverage enhancement (MTC

coverage enhancement)" to further expand a commtimicarea has been examined.
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Summary of Invention

[0013] In MTC coverage extension, "repetition”lteology of repeatedly transmitting

the same signal a plurality of times is examined arder to further expand a

communication area. In the repetition, by comhinisignals which have been

repetition-transmitted on the transmission sideeineed signal power is improved, and
coverage (a communication area) is expanded.

[0014] In MTC for which examination of specificatis of LTE-Advanced Release 13
(Rel-13) is promoted, a terminal (hereinafter akferred to as an MTC terminal) supports
only a frequency bandwidth of 1.4 MHz (also refdrte as a narrowband or a narrowband
region) in order to realize reduction in cost ok tterminal. Therefore, "frequency

hopping" is introduced in which the 1.4-MHz frequgrband to be used by the terminal for

transmission is hopped for every predetermined murobsubframes within a system band
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(see, for example, NPL 6). At the time of frequehopping, carrier frequency retuning
time is required. It is thought that time correspiog to up to about two symbols is
required as the retuning time (see, for exampld, R)P

[0015] In a downlink, since a Rel-13 MTC termirddes not receive an existing LTE
downlink control channel (PDCCH: Physical Downli@ontrol Channel), the first two
OFDM symbols of a subframe which is an existing LHECCH region can be used for the
retuning time.

[0016] On the other hand, in an uplink, the RelMBC terminal can transmit a PUSCH
or a PUCCH using all SC-FDMA symbols in a subframsiegilarly to an existing LTE
terminal. Therefore, in order to apply frequenapping to the MTC terminal, it is
necessary to, at the time of retuning, stop trassiom of a part of the PUSCH or the
PUCCH to secure retuning time corresponding to albwa SC-FDMA symbols. It is
necessary to suppress deterioration of transmissh@racteristics while securing the
retuning time for an uplink signal (PUSCH or PUCCH)

[0017] A terminal according to an aspect of thesgint disclosure adopts a configuration
provided with: a control section that, if, for arreavband to be used for a subframe to
transmit uplink data, switching from a first narteand used for a first subframe to a
second narrowband different from the first narromdyafor a second subframe following
the first subframe, punctures a last one symbdheffirst subframe and a first one symbol
of the second subframe to set the symbols as rgfuitne; and a transmitting section that
transmits the uplink data in the first narrowband ¢he second narrowband.

[0018] Comprehensive or specific aspects of thevabmay be realized by a system, a
method, an integrated circuit, a computer programa aecording medium or may be
realized by an arbitrary combination of a system,apparatus, a method, an integrated
circuit, a computer program and a recording medium.

[0019] According to one aspect of the presentldsoe, it is possible to secure retuning



time while suppressing deterioration of transmissoharacteristics of an uplink signal

(PUSCH or PUCCH).

[0020] Further advantages and effects of the @ped of the present disclosure will be

made clear from the specification and accompangiragvings. Such advantages and/or
5 effects are provided by some embodiments and fesghiown in the specification and the

accompanying drawings. It is not necessarily neglithat all of them are provided to

obtain one or more same features.

Brief Description of Drawings
10 [0021]
FIG. 1 illustrates an example of a configuratibm ®USCH subframe;
FIG. 2 illustrates an example of a response sigeaération process in a PUCCH;
FIG. 3 illustrates an example of a configuratiom ®UCCH format 1a/1b subframe;
FIG. 4 illustrates an example of setting returtinge (Method 1);
15 FIG. 5 illustrates an example of setting returtinge (Method 2);
FIG. 6 illustrates an example of setting returtinge (Method 3);
FIG. 7 illustrates an example of setting returtinge (Method 4);
FIG. 8 is a block diagram showing a configuratmna main part of a terminal
according to Embodiment 1;
20 FIG. 9 is a block diagram showing a configuratmfna base station according to
Embodiment 1;
FIG. 10 is a block diagram showing a configuratmfnthe terminal according to
Embodiment 1,
FIG. 11 illustrates an example of frequency hoggincording to Embodiment 1;
25 FIG. 12 illustrates an example of frequency hoggincording to Embodiment 2;

FIG. 13 illustrates an example of mapping of anKATACK signal according to
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Embodiment 2;
FIG. 14 illustrates an example of frequency hoggincording to Embodiment 3;
FIG. 15 illustrates an example of frequency hogpecording to a modification of
Embodiment 2 or 3;
FIG. 16 illustrates an example of frequency hoggincording to Embodiment 4;
FIG. 17 illustrates an example of frequency hogncording to Embodiment 4;
FIG. 18 illustrates an example of frequency hoggincording to Embodiment 5;
FIG. 19 illustrates an example of frequency hogpatcording to Embodiment 5;
and
FIG. 20 illustrates an example of a configuratmha PUCCH format 2/2a/2b

subframe.

Description of Embodiments

[0022] Embodiments of the present disclosure balldescribed in detail with reference
to accompanying drawings.

[0023] [One Piece of Knowledge Which Became BagBresent Disclosure]

As described above, in a downlink, since a ReMIZE terminal does not receive an
existing LTE down link control channel (PDCCH: Pizgd Downlink Control Channel),
the first two OFDM symbols of a subframe which isexisting LTE PDCCH region can
be used as the retuning time.

[0024] On the other hand, in an uplink, the RelMBC terminal can transmit a PUSCH
or a PUCCH using all SC-FDMA symbols in a subframigilarly to an existing LTE
terminal. Therefore, in order to apply frequenapping to the MTC terminal, it is
necessary to, at the time of retuning, stop trassiom of a part of the PUSCH or the
PUCCH to secure retuning time corresponding to aitvet SC-FDMA symbols.

[0025] As a method for securing retuning time daruplink, four Methods 1 to 4 shown
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below will be described.

[0026] Method 1 (FIG. 4): a method in which lagtot SC-FDMA symbols of one
subframe immediately before retuning are discar(eactured) and used for retuning
time;

Method 2 (FIG. 5): a method in which first two FOMA symbols of one subframe
immediately after retuning are discarded and usedetuning time;

Method 3 (FIG. 6): a method in which the last SOMA symbol of one subframe
immediately before retuning and the first SC-FDM#Anbol of one subframe immediately
after retuning are discarded and used for retutimng; and

Method 4 (FIG. 7): a method in which a guard saiife (one subframe) for retuning
is provided.

Among the methods for securing retuning time dbedrabove, Method 4 requires
retuning time corresponding to one subframe eauk frequency hopping is performed.
Therefore, in comparison with the other Methods B,ttime (or the number of subframes)
required to complete all repetition transmissionsreases, and resource use efficiency
decreases.

[0027] For example, when a frequency hopping koY subframes, the resource use
efficiency in Method 4 is (Y-1)/Y. On the otherrth the resource use efficiency in
Methods 1 to 3 is (¥1+(12/14))/Y. Therefore, for example, in the cadeY=4, the
resource use efficiency can be improved by abott 28 Methods 1 to 3 in comparison
with Method 4.

[0028] There are two methods shown below as farfattransmitting data in a retuning
subframe (a subframe one or two SC-FDMA symbole/ituth are to be used for retuning
time) at the time of PUSCH repetition in Method® B.

[0029] The first method is a method in which, afteapping data to twelve SC-FDMA

symbols excluding DMRS's as shown in FIG. 1 siyléw other subframes, an SC-FDMA
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symbol (or symbols) for retuning time is puncturedn this method, in a retuning
subframe and in other subframes, the same sigednsmitted in symbols other than the
SC-FDMA symbol (or symbols) punctured for retunimnge is transmitted. Therefore,
coherent combining can be easily realized on tise tation side.

[0030] The second method is a method in whicha ésrmat for transmitting data in a
retuning subframe, a data encoding rate is changdae different from that for other
subframes, and data is mapped to ten or eleven IB@AFsymbols excluding the
SC-FDMA symbol (or symbols) for retuning time (rab@tching). This method is used in
existing LTE which does not assume repetition tm@ission, and, therefore, change from
existing standards is not required. Since a diffesignal is transmitted in each symbol,
in the retuning subframe (subframes) and in thesrogubframes, coherent combining
cannot be performed on the base station side.

[0031] Since neither of the methods influencesimoe data transmission in a PUSCH, it
is desirable to use any of Methods 1 to 3 in PUS€petition from a view point of the
resource use efficiency.

[0032] Further, at the time of PUCCH repetitiorsal it is desirable to use any of
Methods 1 to 3 from the view point of the resouuse efficiency and a view point of
commonness between operations of the PUCCH and®t®CH. In Methods 1 to 3,
however, since a part of an SC-FDMA symbol encodéll an OCC (Orthogonal Cover
Code) sequence is not used, collapse of orthodgnbétween orthogonal sequences
occurs, and there is a possibility that charadtesisieteriorate due to interference among
codes.

[0033] Therefore, in one aspect of the presertlasire, a terminal and a transmission
method which are capable of securing retuning tmm@e suppressing deterioration of
transmission characteristics of an uplink sign&dl$EH or PUCCH) are provided.

[0034] [Outline of Communication System]

10
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A communication system according to each embodirokthe present disclosure is
provided with base station 100 and terminal 200ctviare, for example, compatible with
an LTE-Advanced system. Terminal 200 is an MT@nteal.

[0035] FIG. 8 is a block diagram showing a confagion of a main part of terminal 200
according to each embodiment of the present digidos In terminal 200 shown in FIG. 8,
spreading section 215 spreads an ACK/NACK signatiavnlink data using any one of a
plurality of orthogonal cover code sequences (O€Quences). Repetition section 216
performs repetition over a plurality of subframel tbe spread ACK/NACK signal.
Signal assigning section 217 maps the repeated NBEK signal to a narrowband for
MTC terminals. If narrowbands to be used for atfsubframe and a second subframe
following the first subframe, among a plurality @ibframes, are different (that is, in the
case of performing retuning), control section 2Q8qgiures the last two symbols of the first
subframe or the first two symbols of the secondframe. Transmitting section 220
transmits the ACK/NACK signal in the narrowband.ach of the plurality of orthogonal
cover code sequences is made up of a first pase@uence composed of codes
corresponding to the first two symbols of a subkaand a second partial sequence
composed of codes corresponding to the last twobsisn and, among the plurality of
orthogonal cover code sequences, the first pase&guences and the second partial
sequences are partially orthogonal to one another.

[0036] (Embodiment 1)

[Configuration of Base Station]

FIG. 9 is a block diagram showing a configuratairbase station 100 according to
Embodiment 1 of the present disclosure. In FIGd&se station 100 has control section
101, control signal generating section 102, consighal encoding section 103, control
signal modulating section 104, data encoding secti@5, retransmission control section

106, data modulating section 107, signal assigeewion 108, IFFT (Inverse Fast Fourier

11
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Transform) section 109, CP (Cyclic Prefix) addirgton 110, transmitting section 111,
antenna 112, receiving section 113, CP removingiocsecll4, FFT (Fast Fourier
Transform) section 115, extracting section 116, ajgmng section 117, channel estimating
section 118, equalizing section 119, demodulatiagtisn 120, decoding section 121,
judging section 122, despreading section 123, @@ processing section 124 and
judging section 125.

[0037] Control section 101 decides assignment BD&ECH and a PUSCH to terminal
200. At this time, control section 101 decidesqirency assignment resources,
modulation/encoding methods and the like to be ifipdcto terminal 200 and outputs
information about the decided parameters to costgolal generating section 102.

[0038] Further, control section 101 decides a mgdate for a control signal and outputs
the decided coding rate to control signal encodiagtion 103. Further, control section
101 decides radio resources (downlink resourceshioh the control signal and downlink
data are to be mapped and outputs information abeutlecided radio resources to signal
assigning section 108. Further, control sectioh d€cides a coding rate to be used at the
time of transmitting the downlink data (data totmnsmitted) for terminal 200, which is a
resource assignment target, and outputs the decioéidg rate to data encoding section
105.

[0039] Further, control section 101 decides a cage enhancement level of terminal 200
(an MTC terminal) and outputs information about dleeided coverage enhancement level
or the number of repetitions required for PUSCHhgraission or PUCCH transmission at
the decided coverage enhancement level to conigolals generating section 102 and
extracting section 116. Further, control sectifd tlecides a frequency hopping method
(on/off of frequency hopping, a frequency hoppingripd and the like) for PUSCH
repetition transmission or PUCCH repetition trarssign and outputs information about

the decided frequency hopping method to contraladigenerating section 102.

12
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[0040] Further, control section 101 decides resesi(a cyclic shift, an orthogonal cover
code sequence and a frequency) for terminal 2@tatesmit a PUCCH. Control section
101 outputs an amount of cyclic shift (a ZAC seq@rwhich may be used for PUCCH
transmission and the orthogonal cover code sequemadespreading section 123 and
correlation processing section 124, respectivaly autputs information about frequency
resources to be used for PUCCH transmission t@etktig section 116. These pieces of
information about PUCCH resources may be impliaiifified to terminal 200 or may be
notified to terminal 200 (control section 209 todescribed later) by signaling by a higher
layer signaling to terminal 200.

[0041] Control signal generating section 102 gatesy a control signal for terminal 200.
The control signal includes a signal of a cell-sfiebigher layer, a signal of a UE-specific
higher layer, an uplink grant indicating assignmehtt PUSCH or downlink assignment
information indicating assignment of a PDSCH.

[0042] The uplink grant is made up of a pluralay bits and includes information
indicating frequency assignment resources, modulatoding schemes and the like.
Further, the uplink grant may include informatidooat a coverage enhancement level or
information about the number of repetitions requii@ PUSCH transmission.

[0043] The downlink assignment information is made of a plurality of bits and
includes information indicating frequency assignimgrsources, modulation/coding
schemes and the like. Further, the downlink assegt information may include
information about a coverage enhancement levelnformation about the number of
repetitions required for PUCCH transmission.

[0044] Control signal generating section 102 gatesxr a control information bit sequence
using control information inputted from control 8en 101 and outputs the generated
control information bit sequence (a control sigrialontrol signal encoding section 103.

Since the control information may be transmittedatplurality of terminals 200, control

13
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signal generating section 102 includes a UE IDamheterminal 200 in control information
for terminal 200 to generate a bit sequence. Kamgle, a CRC (Cyclic Redundancy
Check) bit masked by a UE ID of a destination teahiis added to the control
information.

[0045] Control signal encoding section 103 encottes control signal (the control
information bit sequence) received from controhaiggenerating section 102 according to
the encoding rate specified from control sectioh 4@d outputs the encoded control signal
to control signal modulating section 104.

[0046] Control signal modulating section 104 mades the control signal received from
control signal encoding section 103 and outputsntieglulated control signal (a symbol
sequence) to signal assigning section 108.

[0047] Data encoding section 105 performs erraremion coding with a Turbo code or
the like for transmit data (downlink data) accoglito the coding rate received from
control section 101 and outputs a data signal @fierencoding to retransmission control
section 106.

[0048] At the time of initial transmission, retsamission control section 106 holds the
data signal after the encoding received from dat@ding section 105 and also outputs the
data signal to data modulating section 107. Retragsion control section 106 holds the
data signal after the encoding for each destinagominal. Further, upon receipt of a
NACK to the transmitted data signal from judgingtgan 125, retransmission control
section 106 outputs corresponding data which idfidb data modulating section 107.
Upon receipt of an ACK to the transmitted data algfrom judging section 125,
retransmission control section 106 deletes theesponding data which it holds.

[0049] Data modulating section 107 modulates theta dsignal received from
retransmission control section 106 and outputs rnimdulated data signal to signal

assigning section 108.

14
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[0050] Signal assigning section 108 maps the obrdignal (the symbol sequence)
received from control signal modulating section 18dd the modulated data signal
received from data modulating section 107 to thioraesources specified from control
section 101. A control channel to which the cdnsignal is to be mapped may be either
a PDCCH for MTC (a downlink control channel) or BRDCCH (an Enhanced PDCCH).
Signal assigning section 108 outputs a signal ofdink subframes which include a
PDCCH for MTC or an EPDCCH to which the controlr&gis mapped, to IFFT section
109.

[0051] IFFT section 109 converts a frequency donsgnal to a time domain signal by
performing IFFT processing for the signal receifemm signal assigning section 108.
IFFT section 109 outputs the time domain sign&®adding section 110.

[0052] CP adding section 110 adds a CP to theabigeived from IFFT section 109 and
outputs the signal to which CP is added (an OFDivial) to transmitting section 111.
[0053] Transmitting section 111 performs RF (Raiequency) processing such as D/A
(Digital-to-Analog) conversion and upconversion fbe OFDM signal received from CP
adding section 110 and transmits a radio signedriminal 200 via antenna 112.

[0054] Receiving section 113 performs RF procegsinch as downconversion and A/D
(Analog-to-Digital) conversion for an uplink signPUSCH or PUCCH) from terminal
200 received via antenna 112 and outputs an oltai@eeived signal to CP removing
section 114. The uplink signal (PUSCH or PUCCH)ns&mitted from terminal 200
includes a repetition-processed signal over a [iyi@f subframes.

[0055] CP removing section 114 removes a CP addetthe received signal received
from receiving section 113 and outputs the sigr@hfwhich the CP has been removed, to
FFT section 115.

[0056] FFT section 115 applies FFT processindheodignal received from CP removing

section 114, transforms the signal into a frequedmyain signal sequence and takes out a
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signal corresponding to PUSCH or PUCCH subframé&3$:T section 115 outputs the
obtained signal to extracting section 116.

[0057] Extracting section 116 extracts a PUSCHaoPUCCH based on information
about PUSCH or PUCCH resources inputted from coséction 101. Further, extracting
section 116 combines the plurality of subframethefPUSCH or the PUCCH which have
been repetition-transmitted, using information abthe repetition transmission of the
PUSCH or the PUCCH (repetition information) inpdttédrom control section 101.
Extracting section 116 outputs the combined sitmalemapping section 117.

[0058] Demapping section 117 extracts a PUSCHigodssigned to terminal 200 from
the signal received from extracting section 116.urther, demapping section 117
disassembles the extracted PUSCH for terminal 2060 DMRS's and data symbols,
outputs the DMRS's to channel estimating sectioB ahd outputs the data symbols
(SC-FDMA data symbols) to equalizing section 11Burther, demapping section 117
disassembles the PUCCH received from extractingicsecd16 into DMRS's and an
ACK/NACK signal, outputs the DMRS's to channel mstiing section 118 and outputs the
ACK/NACK signal to equalizing section 119.

[0059] Channel estimating section 118 performsnoleé estimation using the DMRS's
inputted from demapping section 117. Channel editig section 118 outputs an
obtained channel estimate to equalizing section 119

[0060] Equalizing section 119 performs equalizatad the SC-FDMA data symbols or
the ACK/NACK signal inputted from demapping sectibh/ using the channel estimate
inputted from channel estimating section 118. Hguey section 119 outputs the
equalized SC-FDMA data symbols to demodulatingisect20 and outputs the equalized
ACK/NACK signal to despreading section 123.

[0061] Demodulating section 120 applies IDFT te frequency-domain SC-FDMA data

symbols inputted from equalizing section 119 towveshthe frequency-domain SC-FDMA
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data symbols to a time domain signal (a symbol secg) and, after that, performs data
demodulation. Specifically, demodulating secti@® Ttonverts the symbol sequence to a
bit sequence based on a modulation scheme spedifieerminal 200 and outputs the
obtained bit sequence to decoding section 121.

[0062] Decoding section 121 performs error corcgctdecoding for the bit sequence
inputted from demodulating section 120 and outplésdecoded bit sequence to judging
section 122.

[0063] Judging section 122 performs error detecfar the bit sequence inputted from
decoding section 121. The error detection is peréal using a CRC bit added to the bit
sequence. If a result of judgment of the CRC udidates that there is no error, judging
section 122 takes out receive data and notifiegrabsection 101 of an ACK (not shown).
On the other hand, if the result of the judgmenthaf CRC bit indicates that there is an
error, judging section 122 notifies control sectidi of a NACK (not shown).

[0064] Despreading section 123 despreads a s@ralpart of the signal received from
equalizing section 119, which corresponds to th&KINACK signal, using an orthogonal
cover code sequence (an orthogonal cover code segwehich terminal 200 should use)
received from control section 101 and outputs #&pdead signal to correlation processing
section 124.

[0065] Correlation processing section 124 deteesia correlation value between the
ZAC sequence (a ZAC sequence which terminal 200 nsay the amount of cyclic shift)
inputted from control section 101 and the signplited from despreading section 123 and
outputs the correlation value to judging sectiob.12

[0066] Judging section 125 judges which of ACK alCK the ACK/NACK signal
transmitted from terminal 200 shows for the trantadi data, based on the correlation
value received from correlation processing secfi@d. Judging section 125 outputs a

judgment result to retransmission control sectioé. 1
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[0067] [Configuration of Terminal]

FIG. 10 is a block diagram showing a configuratainterminal 200 according to
Embodiment 1 of the present disclosure. In FIGté9minal 200 has antenna 201,
receiving section 202, CP removing section 203, B&Gtion 204, extracting section 205,
data demodulating section 206, data decoding se@®/, CRC section 208, control
section 209, data encoding section 210, CSI sigeaérating section 211, response signal
generating section 212, modulating section 213, B&gdtion 214, spreading section 215,
repetition section 216, signal assigning section, 2EFT section 218, CP adding section
219 and transmitting section 220.

[0068] Receiving section 202 performs RF processinch as downconversion or AD
conversion for a radio signal (a PDCCH for MTC dPECCH) and a data signal (a
PDSCH) from base station 100 received via anterdfatd obtain a baseband OFDM
signal. Receiving section 202 outputs the OFDMaligo CP removing section 203.
[0069] CP removing section 203 removes a CP atlléte OFDM signal received from
receiving section 202 and outputs the signal frolnictvthe CP has been removed to FFT
section 204.

[0070] FFT section 204 converts a time domain aiga a frequency domain signal by
performing FFT processing for the signal receiveinf CP removing section 203. FFT
section 204 outputs the frequency domain signektoacting section 205.

[0071] Extracting section 205 extracts a PDCCH KFfC or EPDCCH from the
frequency domain signal received from FFT sectifd, Derforms blind decoding for the
PDCCH for MTC or EPDCCH to attempt decoding of ateal signal destined to its own
terminal 200. A CRC masked by the UE ID of terrhi2@0 is added to the control signal
destined to terminal 200. Therefore, if a CRC judgt indicates OK as a result of
performing blind decoding, extracting section 2@facts control information and outputs

the control information to control section 209. rtRer, extracting section 205 extracts
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downlink data (a PDSCH signal) from the signal reeg from FFT section 204 and
outputs the downlink data to data demodulatingiee@06.

[0072] Data demodulating section 206 demodulaktes downlink data received from
extracting section 205 and outputs the demodulddeehlink data to data decoding section
207.

[0073] Data decoding section 207 decodes the dolwnilata received from data
demodulating section 206 and outputs the decodealdk data to CRC section 208.
[0074] CRC section 208 performs error detectiontfee downlink data received from
data decoding section 207 using CRC, and outputsram detection result to response
signal generating section 212. Further, if the nlovk data is judged to be without an
error, CRC section 208 outputs the downlink dateeasive data.

[0075] Control section 209 performs control of RI¥ transmission based on the
control signal inputted from extracting section 20%pecifically, control section 209
specifies resource assignment at the time of PUS@HRsmission to signal assigning
section 217 based on PUSCH resource assignmemmiafion included in the control
signal. Further, control section 209 specifie®dirng scheme and a modulation scheme
at the time of PUSCH transmission to data encodegion 210 and modulating section
213, respectively, based on information about tbdirg scheme and the modulation
scheme included in the control signal. Furthentia® section 209 decides the number of
repetitions at the time of PUSCH repetition trarssitn based on information about a
coverage enhancement level or the number of rep®titequired for PUSCH transmission
included in the control signal, and specifies infation about the decided number of
repetitions to repetition section 216. Furtherntoal section 209 specifies frequency
hopping for PUSCH repetition to repetition sectidh6 based on information about a
frequency hopping method included in the contrghal.

[0076] Further, control section 209 performs contf PUCCH transmission based on
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the control signal inputted from extracting sectRb. Specifically, control section 209
identifies PUCCH resources (a frequency, an amadfirgyclic shift and an orthogonal
cover code sequence) based on information abouPtHeCH resources included in the
control signal, and specifies the identified infation to spreading section 215 and signal
assigning section 217. Further, control sectiofi @8cides the number of repetitions at
the time of PUCCH repetition transmission based imfiormation about a coverage
enhancement level or information about the numberepetitions required for PUCCH
transmission, and specifies information about tleeided number of repetitions to
repetition section 216. Further, control sectidd® XSpecifies frequency hopping for
PUCCH repetition to repetition section 216 basedheninformation about the frequency
hopping method included in the control signal. tker, control section 209 specifies a
transmission format for each subframe in PUCCH tigpe to spreading section 215.
[0077] Data encoding section 210 adds a CRC bgkex by the UE ID of terminal 200
to inputted transmit data, performs error correttamding and outputs an encoded bit
sequence to modulating section 213.

[0078] CSI signal generating section 211 gener@telsfeedback information based on a
CSI measurement result of terminal 200 and outphuges CSI feedback information to
modulating section 213.

[0079] Response signal generating section 212 rgesge a response signal (an
ACK/NACK signal) to received downlink data (a PDSGgnal) based on an error
detection result received from CRC section 208. ec8ally, response signal generating
section 212 generates a NACK if an error is dete@ed generates an ACK if an error is
not detected. Response signal generating sectidro@tputs the generated ACK/NACK
signal to modulating section 213.

[0080] Modulating section 213 modulates the b@wance received from data encoding

section 210 and outputs a modulated signal (a sységuence) to DFT section 214.
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Further, modulating section 213 modulates the @8Hlback information received from
CSI signal generating section 211 and the ACK/NA6ignal received from response
signal generating section 212 and outputs a maetlilatgnal (a symbol sequence) to
spreading section 215.

[0081] DFT section 214 applies DFT to the sigmglutted from modulating section 213
to generate a frequency domain signal, and outthasfrequency domain signal to
repetition section 216.

[0082] Spreading section 215 spreads a referengeals and the CSI feedback
information and ACK/NACK signal received from modtihg section 213, using a ZAC
sequence defined by the amount of cyclic shifbgetontrol section 209 and an orthogonal
cover code sequence, and outputs the spread sigregletition section 216. At this time,
spreading section 215 spreads the ACK/NACK sigrsahgi the transmission format for
each subframe in PUCCH repetition set by controliee 209.

[0083] When its own terminal is in an MTC coveragghancement mode, repetition
section 216 performs repetition of a signal inpditteom DFT section 214 or spreading
section 215 over a plurality of subframes, basedhennumber of repetitions specified
from control section 209 to generate a repetitigma. Repetition section 216 outputs
the repetition signal to signal assigning sectibn. 2

[0084] Signal assigning section 217 maps the sigreeived from repetition section 216
to PUSCH or PUCCH time/frequency resources specifiom control section 209.
Signal assigning section 217 outputs a PUSCH or ®dGignal to which the signal is
mapped, to IFFT section 218.

[0085] IFFT section 218 generates a time domajnaiby performing IFFT processing
for the frequency domain PUSCH or PUCCH signal ttemifrom signal assigning section
217. IFFT section 218 outputs the generated sign@P adding section 219.

[0086] CP adding section 219 adds a CP to the tdomain signal received from IFFT
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section 218 and outputs the signal to which thesG®lded, to transmitting section 220.
[0087] Transmitting section 220 performs RF pregasg such as D/A conversion and
upconversion for the signal received from CP addiegtion 219 and transmits a radio
signal to base station 100 via antenna 201.
[0088] [Operations of Base Station 100 and Terir208]

Operations of base station 100 and terminal 200ngathe above configurations
will be described in detail.
[0089] In the present embodiment, Method 1 (FI%.o4 Method 2 (FIG. 5) among
Methods 1 to 4 for securing retuning time describbdve will be used. In other words,
in the case of switching a narrowband to be usedréguency hopping, terminal 200
(control section 209) may discard the last two VA data symbols of one subframe
immediately before retuning to use the SC-FDMA databols for retuning time or may
discard the first two SC-FDMA data symbols of onbfsame immediately after retuning
to use the SC-FDMA data symbols for retuning time.
[0090] Base station 100 indicates terminal 200thaf number of PUSCH repetitions
(Npuscy or the number of PUCCH repetitions fdcy in advance before PUSCH or
PUCCH transmission/reception. The number of répas Noyscn Or Neuccnh may be
indicated to terminal 200 from base station 100a/idE-specific higher layer or may be
indicated using a PDCCH for MTC.
[0091] Further, base station 100 indicates terin2@® of a frequency hopping method
(on/off of frequency hopping and a frequency hogpperiod Y) in advance before
PUSCH or PUCCH transmission/reception. The frequemopping period Y may be
indicated to terminal 200 via a cell-specific highayer by base station 100 as a
cell-specific parameter or indicated to termina 20a a UE-specific higher layer by base
station 100 as a UE-specific parameter. Furtherfrequency hopping period Y may be a

parameter predefined according to standards.
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[0092] Terminal 200 performs PUSCH or PUCCH rdpmtitransmission for the number
of times corresponding to the number of repetitiomdicated from base station 100
(NpuscHOr NeuccH)-
[0093] Further, if frequency hopping is on, ane thumber of repetitions @scH or
Npuccn) is larger than Y, terminal 200 changes a 1.4-Midguency band which terminal
200 uses to transmit a repetition signal (perfofraquency hopping) after transmitting a
repetition signal in consecutive Y subframes udimg same resources, and transmits a
repetition signal again in consecutive Y subframgisag the same resources. At the time
of performing frequency hopping, terminal 200 sesuetuning time corresponding to two
SC-FDMA data symbols immediately before or immealiatafter retuning according to
Method 1 (FIG. 4) or Method 2 (FIG. 5).
[0094] <In the Case of PUSCH Repetition>

At the time of PUSCH repetition, terminal 200 maaga to twelve SC-FDMA data
symbols excluding DMRS's (see, for example, FIG.il)a retuning subframe (one
subframe immediately before retuning in Method dd ane subframe immediately after
retuning in Method 2) and, after that, punctures ®C-FDMA data symbols for retuning
time (the last two symbols in the subframe in Metlg and the first two symbols in the
subframe in Method 2).
[0095] Otherwise, terminal 200 maps the data t3€-FDMA data symbols excluding
DMRS's and two SC-FDMA data symbols for retuningdiin the retuning subframe (rate
matching).
[0096] <In the Case of PUCCH Repetition>

At the time of PUCCH repetition, terminal 200 magys ACK/NACK signal and a
reference signal in a retuning subframe with a mdrPUCCH format and, after that,
punctures two SC-FDMA symbols for retuning time.

[0097] FIG. 11 shows a state of frequency hoppm&UCCH repetition in the case of

23



10

15

20

25

Method 1 and Y=4. As shown in FIG. 11, upon traission of a repetition signal in
consecutive subframes of Y=4, terminal 200 chamgesequency band by frequency
hopping and transmits a repetition signal agaioonsecutive four subframes. In Method
1, terminal 200 punctures two SC-FDMA symbols ofmediately before retuning (that is,
the last two) of one subframe immediately befotamiag.

[0098] Further, in the present embodiment, terin2@® limits the number of candidates
for an orthogonal cover code sequence to be ussgréad an ACK/NACK signal to two.
[0099] For example, terminal 200 sets an orthofjonger code sequence to be used to
spread an ACK/NACK from between two candidates/é{q), W(1), W(2),W(3))=(1, 1, 1,

1) and (1, -1, 1, -1) as candidates for an orthajoover code sequence or from between
two candidates of (W(0), W(1), W(2),W(3))=(1, 1,1,and (1;-1, -1, 1).

[0100] Here, a partial sequence (1, 1) composevofcodes of the former half of the
orthogonal cover code sequence (1, 1, 1, 1) isogahal to each of a partial sequence (1,
—1) composed of two codes of the former half of dnknogonal cover code sequence (1,
-1, 1, -1) and a partial sequence (1, —1) compo$dédo codes of the former half of the
orthogonal cover code sequence (1, -1, -1, 1). thByra partial sequence (1, 1)
composed of two codes of the latter half of thé@gbnal cover code sequence (1, 1, 1, 1)
is orthogonal to each of a partial sequence (1,coff)posed of two codes of the latter half
of the orthogonal cover code sequence 1, 1, —-1) and a partial sequence (-1, 1)
composed of two codes of the latter half of thé@gbnal cover code sequence<1, -1,

1).

[0101] That is, the orthogonal cover code sequdhcé, 1, 1) is partially orthogonal to
the orthogonal cover code sequence-(l,,1, —1) and the orthogonal cover code sequence
(1, -1, -1, 1). Between orthogonal cover code sages which are partially orthogonal
to each other, sequences each of which includessywbols of the former half of four

symbols corresponding to a sequence length (segeezach of which is composed of two
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codes of the former half) are orthogonal to eademptand sequences each of which
includes two symbols of the latter half (sequereash of which is composed of the two
codes of the latter half) are also orthogonal tthezther.

[0102] Thatis, terminal 200 (spreading sectioB)Xpreads an ACK/NACK signal using
any of such a plurality of orthogonal cover codguances that their partial sequences each
of which is composed of codes corresponding tofifs two symbols of a subframe
(sequences each of which corresponds to two syndjolee former half) are mutually
partially orthogonal, and their partial sequencasheof which is composed of codes
corresponding to the last two symbols (sequences @& which corresponds to two
symbols of the latter half) are mutually partiadithogonal.

[0103] Thereby, by separating two-symbol formelvéa and two-symbol latter halves,
base station 100 can separate a plurality of ACKIMAsignals code-multiplexed by
orthogonal cover code sequences. Therefore, dvireilast two SC-FDMA symbols
(Method 1) or the first two SC-FDMA symbols (Meth@) are punctured in a retuning
subframe to transmit a signal, collapse of orthadjondoes not occur between orthogonal
cover code sequences which are mutually partiaitifogonal to each other. In other
words, even if any one of the sequence of the folm#f two symbols among four
symbols corresponding to a sequence length andsélgeience of the latter-half two
symbols is punctured, collapse of orthogonalitysdoet occur in the other sequence.
[0104] Here, for example, an orthogonal cover cedguence to be used in an existing
LTE terminal (an OCC sequence) is derived from aCBH resource index with the

following equations.

[0105] [1]
n= | - AT N (1)
[0106] [2]
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| N otherwise (2)

c=3

[0107] [3]

) ey F11 f PUCCH
Mo if Ay <N, J'Ildd..n

b T 0y — ¢ NP AT ol N2 [A7E1)  otherwise

(3)
[0108] In equations 1 to 3,08 indicates an OCC index;os=0 indicates (1, 1, 1, 1);
noc=1 indicates (1;-1, 1, —1); and noc=2 indicates (1, -1, -1, 1). Furthé “c"
indicates a gap between adjacent amounts of cygbiit; Ncd” indicates an amount of
cyclic shift used for PUCCH format 1/1a/1bsd¥® indicates the number of subcarriers per
one RB; and succy? indicates a PUCCH resource index.
[0109] Further, in the above equation, c=3 indisahe number of terminals which can
be multiplexed by an orthogonal cover code sequehetis, the number of candidates for
an orthogonal cover code sequence to spread an MEBK signal. Therefore, in the
present embodiment, c=2 is assumed in the abowetiequas the number of terminals 200
(MTC terminals) to which frequency hopping is to beplied, and the number of
candidates for an orthogonal cover code sequenspréad an ACK/NACK signal can be
restricted to two by deriving OCC indices from PU€&source indices.
[0110] As described above, in the present embaodime the case where frequency
hopping is applied at the time of uplink repetittbansmission, terminal 200 punctures the
last two SC-FDMA symbols or the first two SC-FDMynsbols of a retuning subframe to
transmit a signal. At this time, terminal 200 riess an orthogonal cover code sequence
to spread an ACK/NACK signal in a PUCCH to two ogbnal cover code sequences
which are partially orthogonal to each other. TEfgr it is possible to secure retuning

time for changing the 1.4-MHz frequency band whielminal 200 uses to transmit a
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repetition signal, without causing collapse of ogbnality due to puncture to occur.
Therefore, according to the present embodimenis possible to secure retuning time
while suppressing deterioration of transmissiorratiristics of an uplink signal (PUSCH
or PUCCH).

[0111] (Embodiment 2)

Since basic configurations of a base station atefrainal according to the present
embodiment are the same as those of base stati@rardd terminal 200 according to
Embodiment 1, the base station and the termin&lbeildescribed with reference to FIGS.
9 and 10 again.

[0112] In the present embodiment, Method 3 (FlGaBong Methods 1 to 4 for securing
retuning time described above will be used. Ireotiords, in the case of switching a
narrowband to be used by frequency hopping, tein@@@ (control section 209) discards
(punctures) the last SC-FDMA data symbol of onefraumie immediately before retuning
and the first SC-FDMA data symbol of one subframenediately after retuning to use the
SC-FDMA data symbols for retuning time.

[0113] Base station 100 indicates terminal 200th& number of PUSCH repetitions
(Npuscy or the number of PUCCH repetitions fdcy in advance before PUSCH or
PUCCH transmission/reception. The number of répas Noyscn Or Neucch may be
indicated to terminal 200 from base station 100a/idE-specific higher layer or may be
indicated using PDCCH for MTC.

[0114] Further, base station 100 indicates terim2®® of a frequency hopping method
(on/off of frequency hopping and a frequency hogpperiod Y) before PUSCH or
PUCCH transmission/reception. The frequency hapgiariod Y may be indicated to
terminal 200 via a cell-specific higher layer byséatation 100 as a cell-specific parameter
or indicated to terminal 200 via a UE-specific legHayer by base station 100 as a

UE-specific parameter. Further, the frequency hpperiod Y may be a parameter
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predefined according to standards.
[0115] Terminal 200 performs repetition transnmossiof a PUSCH or a PUCCH the
number of times corresponding to the number of tiepes indicated from base station
100 (NbuschOr NeyccH-
[0116] Further, if frequency hopping is on, an@ thumber of repetitions @scH or
Npuccn) is larger than Y, terminal 200 changes the 1.4zMidquency band which terminal
200 uses to transmit a repetition signal (perfofraguency hopping) after transmitting a
repetition signal in consecutive Y subframes udimg same resources, and transmits a
repetition signal again in consecutive Y subframggg the same resources. At the time
of performing frequency hopping, terminal 200 sesuetuning time corresponding to two
SC-FDMA data symbols in one subframe immediateffipteeretuning and one subframe
immediately after retuning according to Method BF6).
[0117] <In the Case of PUSCH Repetition>

At the time of PUSCH repetition, terminal 200 malaga to twelve SC-FDMA data
symbols excluding DMRS's (see, for example, FIG.irll)a retuning subframe (one
subframe immediately before retuning and one sut¥ranmediately after retuning) and,
after that, punctures two SC-FDMA data symbolsr&uning time (one SC-FDMA data
symbol in each retuning subframe).
[0118] Otherwise, terminal 200 maps the data tevesi SC-FDMA data symbols
excluding DMRS's and one SC-FDMA data symbol faumeng time in the retuning
subframe (rate matching).
[0119] <In the Case of PUCCH Repetition>

At the time of PUCCH repetition, terminal 200 spfe and maps an ACK/NACK
signal in a retuning subframe of a former half (snbframe immediately before retuning)
with a shortened PUCCH format specified in Rel-12l,aafter that, punctures the last

SC-FDMA symbol for retuning time.
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[0120] On the other hand, terminal 200 spreadsAG&/NACK signal in a retuning
subframe of a latter half (one subframe immediawher retuning) with a shortened
PUCCH format specified in Rel-12 and, after thadpsithe spread ACK/NACK signal to
seven SC-FDMA symbols excluding the first SC-FDMymbol for retuning time and
DMRS's.

[0121] That is, terminal 200 (spreading sectiorb)2$preads the ACK/NACK signal
mapped to retuning subframes of the former half #edlatter half with the shortened
PUCCH format. Then, terminal 200 (transmittingtiec220) transmits the ACK/NACK
signal mapped according to the shortened PUCCH&bmimthe retuning subframe of the
former half, and transmits the ACK/NACK signal iynsbols other than the first symbol, in
the retuning subframe of the latter half.

[0122] FIG. 12 shows a state of frequency hoppm&UCCH repetition in the case of
Method 3 and Y=4. As shown in FIG. 12, upon traission of a repetition signal in
consecutive subframes of Y=4, terminal 200 chamgesequency band by frequency
hopping and transmits a repetition signal agaiwansecutive four subframes. At this
time, terminal 200 punctures the last SC-FDMA symbibone subframe immediately
before retuning and the first SC-FDMA data symbbbpe subframe immediately after
retuning.

[0123] Further, as shown in FIG. 12, in the retignsubframe of the former half, the
ACK/NACK signal is spread and mapped with the shoett PUCCH format. In the
shortened PUCCH format, an ACK/NACK signal is spreath a Walsh sequence with a
sequence length of 4, which is the same sequengéhlas the normal PUCCH format in a
former-half slot of a subframe, and the ACK/NACKsal is spread with a DFT sequence
with a sequence length of 3 in a latter-half slbthe subframe. Therefore, in the one
subframe (fourteen symbols), a total number of mbf the spread ACK/NACK signal

(seven symbols) and DMRS's (six symbols) is thirtegmbols. In other words, by using
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the shortened PUCCH format, the last symbol ofahe subframe is not used and can be
secured as one symbol for retuning time.

[0124] On the other hand, in the retuning subfravhéhe latter half, the ACK/NACK
signal is spread with a Walsh sequence with a sesguiength of 4 and a DFT sequence
with a sequence length of 3, similarly to the stwed PUCCH format, as shown in FIG. 12.
Terminal 200 maps the spread ACK/NACK signal toese$8C-FDMA symbols excluding
the first SC-FDMA symbol for retuning time and DMRBRS§six symbols). At this time,
terminal 200 performs mapping of the ACK/NACK sigmehich has been spread, in the
retuning subframe of the latter half, the mappirging performed similarly among
terminals. Thereby, base station 100 can separgi@rality of response signals which
have been code-multiplexed by orthogonal cover csmtgiences (Walsh sequences and
DFT sequences) in retuning subframes in latterdzalv

[0125] Next, methods for mapping a spread ACK/NAS§Ighal in a retuning subframe of
a latter half will be described.

[0126] FIG. 13 shows Mapping Examples 1 to 3 foA€K/NACK signal.

[0127] In Mapping Example 1, terminal 200 chan@eserses) order of portions of an
ACK/NACK signal which has been spread with the sdvoed PUCCH format and maps
the ACK/NACK signal portions to seven SC-FDMA synoexcluding the first
SC-FDMA symbol and DMRS's.

[0128] In Mapping Example 2, terminal 200 keeps thirder of the portions of the
ACK/NACK signal which has been spread with the gthmed PUCCH format as it is and
maps the ACK/NACK signal portions to seven SC-FDMymbols excluding the first
SC-FDMA symbol and DMRS's. In other words, in camgon with the mapping with
the shortened PUCCH format, the symbols of theagspPaCK/NACK signal are shifted by
one symbol.

[0129] In Mapping Example 3, terminal 200 exchange former-half slot and a
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latter-half slot of the ACK/NACK signal which hasén spread with the shortened
PUCCH format, with each other and, after that, gean(reverses) order of the portions
(Sb, Si, S) of the ACK/NACK signal which has been spreadhie tormer-half slot and
maps the portions to three SC-FDMA symbols exclgdhre first SC-FDMA symbol and
DMRS's.

[0130] Methods for mapping an ACK/NACK signals whihas been spread, in a
retuning subframe of a latter half have been deedrabove. The method for mapping an
ACK/NACK signal which has been spread, in a retgnsubframe of a latter half is not
limited to Mapping Examples 1 to 3 described abowis only necessary that the method
is the same among terminals 200 in which mappingnaACK/NACK signal in a retuning
subframe of a latter half is code-multiplexed.

[0131] Thus, in the present embodiment, sincerab®y which is not used for mapping
of an ACK/NACK signal and DMRS's in the shortena&dl®H format is used for retuning
time in a retuning subframe of a former half, godla of orthogonality between orthogonal
cover code sequences does not occur. Further,rgtuaing subframe of a latter half,
since the ACK/NACK signal is spread similarly toetlshortened PUCCH format and
mapped to symbols other than the first SC-FDMA databol and DMRS's, collapse of
orthogonality between orthogonal cover code secqeeerdoes not occur. Therefore,
collapse of orthogonality between orthogonal caxede sequences does not occur in each
retuning subframe.

[0132] Further, in the present embodiment, siree af orthogonal cover code sequences
(OCC sequences) is not restricted, the maximum eanad terminals which can be
multiplexed by an orthogonal cover code sequencebeakept at three (that is, c=3 in
equation 2), which is the same as the number icdBe of existing LTE terminals.

[0133] (Embodiment 3)

Since basic configurations of a base station atetrainal according to the present
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embodiment are the same as those of base stat@rardd terminal 200 according to
Embodiment 1, the base station and the terminalbegildescribed with reference to FIGS.
9 and 10 again.

[0134] In the present embodiment, Method 3 (FIGaéhong Methods 1 to 4 for securing
retuning time described above, will be used. lmeotwords, in the case of switching a
narrowband to be used by frequency hopping, tein@@@ (control section 209) discards
(punctures) the last SC-FDMA data symbol of onefrsuie immediately before retuning
and the first SC-FDMA data symbol of one subframenediately after retuning to use the
SC-FDMA data symbols for retuning time.

[0135] The present embodiment is different frombdeatiment 2 only in processing for
an ACK/NACK signal in one subframe immediately aftetuning (a retuning subframe of
a latter half).  Therefore, description of opemtidefore PUSCH or PUCCH
transmission/reception and operation at the timWHCH repetition will be omitted here.
[0136] In the present embodiment, at the time@CEH repetition, terminal 200 spreads
and maps an ACK/NACK signal in a retuning subfranfiea former half (one subframe
immediately before retuning) with a shortened PUCfoHnat specified in Rel-12 and,
after that, punctures the last SC-FDMA symbol &uning time.

[0137] On the other hand, terminal 200 spreadsAG&/NACK signal in a retuning
subframe of a latter half (one subframe immediatdhgr retuning) with the shortened
PUCCH format specified in Rel-12 and, after thamgtures the last SC-FDMA symbol.
Further, in the present embodiment, terminal 2Gsadtiming offset corresponding to one
symbol to a transmission timing of a retuning salvfe of a latter half.

[0138] FIG. 14 shows a state of frequency hoppm&UCCH repetition in the case of
Method 3 and Y=4. As shown in FIG. 14, upon traission of a repetition signal in
consecutive subframes of Y=4, terminal 200 chamgdsequency band by frequency

hopping and transmits a repetition signal agairconsecutive four subframes. At this
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time, terminal 200 punctures the last SC-FDMA symtioone subframe immediately
before retuning and the first SC-FDMA data symbbbpe subframe immediately after
retuning.

[0139] Further, as shown in FIG. 14, in a retunspframe of a former half, an
ACK/NACK signal is mapped with the shortened PUCfOHNat similarly to Embodiment
2. Therefore, as shown in FIG. 14, in the retursnbframe of the former half, the last
SC-FDMA symbol to which the signal is not mappedha shortened PUCCH format can
be secured for retuning time.

[0140] On the other hand, in a retuning subfrarma latter half, the ACK/NACK signal
is spread with a Walsh sequence with a sequengghleri 4 and a DFT sequence with a
sequence length of 3, similarly to the shortenedCH format, as shown in FIG. 14.
Further, terminal 200 adds a timing offset corresfig to one SC-FDMA symbol to a
transmission timing of the retuning subframe of ltitter half. As a result, in the retuning
subframe of the latter half, the signal in the sfieed PUCCH format is transmitted from
the second symbol as shown in FIG. 14. Thereby,fitlst SC-FDMA symbol of the
retuning subframe of the latter half can be sectioedetuning time. Further, since the
shortened PUCCH format is applied as it is, in tbeining subframe of the latter half
which is shown in FIG. 14, it is not necessary pecfy a new PUCCH format, and it is
also not necessary to change an ACK/NACK signalpimgpmethod.

[0141] Thus, in the present embodiment, sincerab®y which is not used for mapping
of an ACK/NACK signal and DMRS's in the shortendd®H format is used for retuning
time in a retuning subframe of a former half, qo#la of orthogonality between orthogonal
cover code sequences does not occur. Further,rgtuaing subframe of a latter half,
since the ACK/NACK signal is spread similarly taetBhortened PUCCH format, and the
signal is transmitted, with a timing offset corresding to one SC-FDMA symbol added to

the signal. Thereby, even if a symbol for retunimgecured, a signal in the shortened

33



10

15

20

25

PUCCH format is kept as it is, and, therefore,aqudke of orthogonality between orthogonal
cover code sequences does not occur. Therefotepse of orthogonality between
orthogonal cover code sequences does not occachretuning subframe.

[0142] Further, in the present embodiment, siree af orthogonal cover code sequences
(OCC sequences) is not restricted, the maximum eunad terminals which can be
multiplexed by an orthogonal cover code sequencebeakept at three (that is, c=3 in
equation 2), which is the same as the number icdBe of existing LTE terminals.

[0143] [Modifications of Embodiment 2 or 3]

In Embodiments 2 and 3, description has been roade case where the shortened
PUCCH format or the shortened PUCCH format in whitdpping is partially changed is
used as a format for transmitting an ACK/NACK silgima a retuning subframe. In
comparison, in the present modification, in theecakere frequency hopping is applied to
uplink transmission, terminal 200 performs PUCCHbetdion transmission using the
shortened PUCCH format or the shortened PUCCH formavhich mapping is partially
changed not only for a retuning subframe but atscafl subframes to which repetition is
applied.

[0144] FIG. 15 shows a state of frequency hoppm&UCCH repetition in the case of

Y=4.

[0145] As shown in FIG. 15, upon transmission ofepetition signal in consecutive

subframes of Y=4, terminal 200 changes a frequeranyd by frequency hopping and

transmits a repetition signal again in consecufiwer subframes. At this time, the

shortened PUCCH format is used for all four subfarbefore retuning, and the shortened
PUCCH format in which mapping is partially changedised for all four subframes after

retuning.

[0146] Thereby, ACK/NACK signals are multiplied ltge same OCC sequence in the

retuning subframe and the other subframes, andeftive, base station 100 can perform
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channel estimation and symbol level combinationaf@iurality of subframes in units of Y
subframes. In other words, it can be preventetd @ahaACK/NACK signal is multiplied
by different OCC sequences in the retuning subfreand in the other subframes
(specifically, a DFT sequence in the retuning sailie and a Walsh sequence in the other
subframes), and, thereby, coherent combining afiadigportions before being despread
cannot be performed on base station 100 side, ab dahdemodulation process is
complicated.

[0147] (Embodiment 4)

If a terminal transmits a PUCCH and a PUSCH inseecntive subframes, and a
1.4-MHz frequency band (narrowband) for PUCCH traission and a 1.4-MHz frequency
band (narrowband) for PUSCH transmission are differretuning is required between
PUCCH transmission and PUSCH transmission.

[0148] In Embodiments 1 to 3, description has bewde on retuning in frequency
hopping in the case of performing repetition traissmon of a PUSCH or a PUCCH. In
comparison, in the present embodiment, descriptiinbe made on retuning in PUCCH

transmission after PUSCH transmission or in PUSQlhsmission after PUCCH

transmission.

[0149] Since basic configurations of a base statmd a terminal according to the
present embodiment are the same as those of [z st00 and terminal 200 according
to Embodiment 1, the base station and the termwilhlbe described with reference to
FIGS. 9 and 10 again.

[0150] In the present embodiment, Method 1 (FIsaAd Method 2 (FIG. 5) among
Methods 1 to 4 for securing retuning time describbdve will be used. In other words,
in the case of switching a narrowband to be useftdnuency hopping, terminal 200 may
discard the last two SC-FDMA data symbols of onafreume immediately before retuning

to use the SC-FDMA data symbols for retuning tinrenway discard the first two
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SC-FDMA data symbols of one subframe immediatelgraketuning to use the SC-FDMA
data symbols for retuning time.

[0151] In the present embodiment, if PUSCH trassimon and PUCCH transmission are
performed in consecutive subframes, retuning fangimng the 1.4-MHz frequency band
for transmission of terminal 200 can be securetiaut causing collapse of orthogonality
between orthogonal cover code sequences to ocgurseliing a retuning subframe
similarly to Embodiment 1 (for example, FIG. 11).

[0152] In the present embodiment, base stationrid@ies terminal 200 of the number
of PUSCH repetitions (Bscy or the number of PUCCH repetitionsp(Ncy in advance
before PUSCH or PUCCH transmission/reception. finaber of repetitions fNscn or
Npuccn Mmay be indicated to terminal 200 from base stali@@ via a UE-specific higher
layer or may be indicated using a PDCCH for MTC.

[0153] Terminal 200 performs PUSCH or PUCCH repetitransmission the number of
times corresponding to the number of repetitiomcaied from base station 100(NcH

or NpuccH-

[0154] Further, in a case where PUCCH repetitrangmission is to be performed from a
subframe next to a subframe for which PUSCH repetifransmission has ended, and the
1.4-MHz frequency band for PUSCH transmission drel 1.4-MHz frequency band for
PUCCH transmission are different, terminal 200 pures the last two SC-FDMA symbols
of a PUSCH subframe immediately before retuningetiog to Method 1 (see FIG. 4) to
secure the SC-FDMA symbols for retuning time asxshm FIG. 16.

[0155] On the other hand, in a case where PUSQittiteon transmission is to be
performed from a subframe next to a subframe fockvPUCCH repetition transmission
has ended, and the 1.4-MHz frequency band for PUS@htmission and the 1.4-MHz
frequency band for PUCCH transmission are differmtninal 200 punctures the first two

SC-FDMA symbols of a PUSCH subframe immediatelyeraftetuning according to
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Method 2 (see FIG. 5) to secure the SC-FDMA symbmisetuning time as shown in FIG.
17.

[0156] Thatis, if retuning is required immedigtblefore PUCCH repetition transmission,
terminal 200 discards the last two SC-FDMA symludlsne subframe immediately before
PUCCH repetition is started to secure the SC-FDMAIsols for retuning time. Further,
if retuning is required immediately after PUCCH e#fion transmission, terminal 200
discards the first two SC-FDMA symbols of one sabfe immediately after PUCCH
repetition ends to secure the SC-FDMA symbols étuming time.

[0157] In other words, in the case where PUSCHetigpn transmission and PUCCH
repetition transmission are performed in conseeutsubframes, and the 1.4-MHz
frequency band is different between PUSCH trandoriseand PUCCH transmission,
terminal 200 punctures two SC-FDMA symbols immesliatbefore (FIG. 16) or
immediately after (FIG. 17) the 1.4-MHz frequen@nld (narrowband) in a subframe in
which a PUSCH is transmitted is switched to secetening time.

[0158] Thus, by setting a retuning subframe on BESCH side when PUSCH
transmission and PUCCH transmission are consedytiperformed, the following
problem can be solved.

[0159] First, description will be made on retuningm PUSCH transmission to PUCCH
transmission shown in FIG. 16.

[0160] At the time of retuning, base station 1@3 lalready transmitted an uplink grant
indicating PUSCH assignment, to terminal 200 vidoavnlink control channel for MTC
before a PUSCH is transmitted/received.

[0161] If the uplink grant can be correctly decddeerminal 200 can transmit the
PUSCH. In this case, if PUCCH transmission is quend in a subsequent subframe
after the PUSCH transmission, terminal 200 perforetgning and then starts the PUCCH

transmission. Therefore, retuning time is requivetiveen the PUSCH transmission and
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the PUCCH transmission.

[0162] On the other hand, if the uplink grant aainbe correctly decoded, terminal 200
does not transmit the PUSCH. In this case, sind&@H transmission immediately

before PUCCH transmission is not performed, termB@0 does not have to perform
retuning immediately before the PUCCH transmissioim such a case, if a retuning
subframe is set on the PUCCH side, base stationat80mes that a first subframe of
PUCCH repetition is a retuning subframe, while teah 200 actually sets the first

subframe of the PUCCH repetition similarly to ardioary subframe to transmit an
ACK/NACK signal. Therefore, in the first subfran@ the PUCCH repetition, a

mismatch occurs between a PUCCH which base sta@6rassumes and a PUCCH which
terminal 200 actually transmits.

[0163] In comparison, in the present embodimemt, the case where PUCCH
transmission is performed in a subsequent subfiitee PUSCH transmission, a retuning
subframe is set only on the PUSCH side. Therehy, possible to always use the first
subframe of PUCCH repetition as an ordinary sub&amithout depending on whether
decoding of an uplink grant is successful or ndtherefore, a mismatch related to a
PUCCH does not occur between base station 100 emnaintal 200. Further, since a
retuning subframe is set only on the PUSCH sidejoigs not happen that setting of
retuning time influences on orthogonality of OC@ences in a PUCCH.

[0164] Next, description will be made on retunfingm PUCCH transmission to PUSCH
transmission shown in FIG. 17.

[0165] Retuning from PUCCH transmission to PUSGHNns$mission can be thought
similarly to retuning from PUSCH transmission to®CH transmission. In other words,
base station 100 has transmitted an uplink gratitating PUSCH assignment, to terminal
200 via a downlink control channel for MTC befor@dSCH is transmitted/received.

[0166] If the uplink grant can be correctly decodeerminal 200 can transmit the
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PUSCH. In this case, if PUSCH transmission isqremed in a subsequent subframe after
the PUCCH transmission, terminal 200 performs rewrand then starts the PUSCH
transmission. Therefore, retuning time is requisetiveen the PUCCH transmission and
the PUSCH transmission.
[0167] On the other hand, if the uplink grant cainbe correctly decoded, terminal 200
does not transmit the PUSCH. In this case, sind8@H transmission immediately after
PUCCH transmission is not performed, terminal 20@sdnot have to perform retuning
immediately after the PUCCH transmission. In sadtase, if a retuning subframe is set
on the PUCCH side, base station 100 assumes that subframe of PUCCH repetition is
a retuning subframe, while terminal 200 actuallyssthe last subframe of PUCCH
repetition similarly to an ordinary subframe tonsenit an ACK/NACK signal. Therefore,
in the last subframe of PUCCH repetition, a mismaiccurs between a PUCCH which
base station 100 assumes and a PUCCH which ter@i@ahctually transmits.
[0168] In comparison, in the present embodimemt, the case where PUSCH
transmission is performed in a subsequent subfitee PUCCH transmission, a retuning
subframe is set only on the PUSCH side. Therdhyg, possible to always use the last
subframe of PUCCH repetition as an ordinary subéramithout depending on whether
decoding of an uplink grant is successful or ndtherefore, a mismatch related to a
PUCCH does not occur between base station 100 emmtinal 200. Further, since a
retuning subframe is set only on the PUSCH sidejois not happen that setting of
retuning time influences orthogonality of an OCGd?UCCH.
[0169] (Embodiment 5)

Since basic configurations of a base station atefrainal according to the present
embodiment are the same as those of base stati@rardd terminal 200 according to
Embodiment 1, the base station and the termin&lbeildescribed with reference to FIGS.

9 and 10 again.
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[0170] In a method for securing retuning time lthea any of Methods 1 to 3 described
in Embodiments 1 to 4, resource use efficiency emrminal 200 can be improved in
comparison with Method 4 in which a guard subfrafoee subframe) is provided for
retuning. When a frequency hopping period is Yfisuhes, the resource use efficiency in
Method 4 is (¥-1)/Y. On the other hand, the resource use effayien Methods 1 to 3 is
(Y-1+(1244))/Y. For example, in the case of Y=4, the resewse efficiency can be
improved by 28% according to Methods 1 to 3 in cangon with Method 4.

[0171] On the other hand, in the case of a PUCICH4, possible to cause a plurality of
terminals 200 to be multiplexed within the sameefiimequency resources by an OCC
(Orthogonal Cover Code) sequence. Therefore, ditiad to the resource use efficiency
in terminals 200, resource use efficiency in a ekws also an important indicator.

[0172] The PUCCH resource use efficiency in a woekws obtained by multiplying the
resource use efficiency in terminal 200 by the nembf terminals which can be
multiplexed by an orthogonal cover code sequenge dkample, c in equation 2). In
other words, the PUCCH resource use efficiency metwork is X(Y-1+(12/14))/Y in
Embodiments 1 and 4 (Method 1 or 2; c=2) ar(lr3-1+(12/14))/Y in Embodiments 2 and
3 (Method 3; ¢c=3). On the other hand, the PUCCsbuece use efficiency in a network
in Method 4, that is, in the case of providing amgusubframe (one subframe) for retuning
is Xx(Y-1)/Y.

[0173] From the above, it can be said that the €dGesource use efficiency in a
network is the largest in Embodiments 2 and 3. ti@nother hand, in Embodiment 1 or 4,
the number of terminals which can be multiplexedabhyOCC is not three but restricted to
two, and, therefore, the PUCCH resource use effigién a network decreases.

[0174] Specifically, the PUCCH resource use edficy in a network in the method of
Embodiment 1 is 2Y-1+(12/14))/Y, and the PUCCH resource use effigfegna network

in Method 4 (a method in which a guard subframeravided for retuning) is gY-1)/Y
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as described above. Therefore, when both resawseeefficiencies are compared, the
PUCCH resource use efficiency in a network in Metdas larger than that in the method
of Embodiment 1 in the case of Y>2.72, that is, wiiee frequency hopping period Y is 3
or larger.

[0175] Therefore, in the present embodiment, deson will be made on a case where
the method of Embodiment 1 and Method 4 (a metmodvhich a guard subframe is
provided for retuning) are used together in comsitien of the PUCCH resource use
efficiency in a network. Specifically, terminal @Gwitches between the method of
Embodiment 1 and Method 4 (a method in which a @yusubframe is provided for
retuning) according to a frequency hopping period.

[0176] FIG. 18 shows a state of frequency hoppm&UCCH repetition in the case of
Y=2 (<3), and FIG. 19 shows a state of frequency hoppirR)JCCH repetition in the case
of Y=4 (=3).

[0177] As shown in FIG. 18, if the frequency happiperiod is below 3, terminal 200
uses the method of Embodiment 1, that is, punctinesast two SC-FDMA symbols of a
subframe immediately before retuning to secureniatutime. On the other hand, as
shown in FIG. 19, if the frequency hopping perigd3i or more, terminal 200 does not
puncture the two SC-FDMA symbols described aboveusas Method 4, that is, provides
a guard subframe between subframes before andreftering to secure retuning time.
[0178] Thus, by switching between methods for seguretuning time according to a
frequency hopping period, terminal 200 can optintlze PUCCH resource use efficiency
in a network. Further, in Method 4, since the vehol the retuning subframe is discarded,
collapse of orthogonality of a PUCCH is not caused.

[0179] Which method (the method of Embodiment IMathod 4) is to be used is not
limited to the case where terminal 200 decides Wwhethod is to be used based on a

frequency hopping period. For example, base statid®0 may indicate terminal 200
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about which method (the method of Embodiment 1 @thdd 4) is to be used via a
cell-specific higher layer or a UE-specific higheyer.

[0180] Further, operation of terminal 200 decidimgnich method (the method of
Embodiment 1 or Method 4) is to be used may be aijer predefined according to
standards. For example, if terminal 200 is in wecage enhancement mode A (no/small
repetition) (that is, the number of subframes tadmeated is small), it is assumed that a
frequency hopping period is short, and, therefidre, method of Embodiment 1 is used.
If terminal 200 is in a coverage enhancement modlarBe repetition) (that is, the number
of subframes to be repeated is large), it is asduimat a frequency hopping frequency is
long, and, therefore, it is also possible to us¢hde 4.

[0181] Further, a thresholdgYfor switching a method for securing retuning timay be
set as a parameter. Herg;, ¥hay be notified to terminal 200 by base statiof @& a
cell-specific higher layer as a cell-specific paeden or indicated to terminal 200 by base
station 100 via a UE-specific higher layer as adpEcific parameter. Furthery,Ynay be

a parameter predefined according to standards.

[0182] (Embodiment 6)

In a PUCCH, not only transmission of an ACK/NACKgrsal but also transmission
of CSI feedback, which is periodically transmit@dan uplink, is performed. In the case
of transmissions of the CSI feedback, or when trassion of the CSI feedback and
transmission of an ACK/NACK signal overlap, a PUC@irmat 2/2a/2b is used. FIG. 20
shows a configuration example of a PUCCH formaa2B subframe. As shown in FIG.
20, two DMRS's and five SC-FDMA data symbols (C8&kdback information) are
time-multiplexed in each slot.

[0183] Therefore, in the present embodiment, dpmraof retuning for the PUCCH
format 2/2a/2b will be described.

[0184] Repetition transmission of the PUCCH formaRa/2b is not assumed.
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Operation in a case where repetition transmissginguthe PUCCH format 1/1a/lb or
PUSCH repetition transmission, and transmissiongugie PUCCH format 2/2a/2b occur
in consecutive subframes will be described belowrasxample.

[0185] If the last two SC-FDMA symbols of one sumhe immediately before retuning
or at the first two SC-FDMA symbols of one subfram@mediately after retuning are
punctured as in Method 1 (FIG. 4) or Method 2 (FBp.when a subframe using the
PUCCH format 2/2a/2b is a retuning subframe, DMR&spunctured. In this case, base
station 100 cannot use the DMRS's, and, thereflerodulation becomes difficult.

[0186] Therefore, in the present embodiment, ttmeng is required before and after
transmission using the PUCCH format 2/2a/2b, tean200 drops one subframe of any
one of the channels before and after retuning.

[0187] Which of the channels before and after migtg is to be prioritized (or to be
dropped) depends on norms of priority. For exagjpiehe current standards, priority
order is generally ACK/NACK signal>PUSCH>periodi€a$l. In this case, the PUCCH
format 2/2a/2b immediately before or immediatelfeafretuning is dropped because its
priority is low.

[0188] By dropping any one of the channels aceaydo priority as described above, it is
possible to prevent influence on a higher-priogtyannel in retuning. For example, if
priority of ACK/NACK signal is increased, it is pgible to prevent influence of dropping
on the PUCCH format 1/1a/1b, and, therefore, cetbapf orthogonality of a PUCCH is not
caused. Even if priority of ACK/NACK signal is deased on the contrary, the whole
subframe of the ACK/NACK signal is discarded, attekrefore, orthogonality of a PUCCH
is not influenced.

[0189] In the case where retuning is required keefand after transmission using the
PUCCH format 2/2a/2b, Method 3 (FIG. 6) may be iggpl In other words, terminal 200

may puncture the last symbol of one subframe imatelyi before retuning and the first
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symbol of one subframe immediately after retuninfn this case, even if a subframe
using the PUCCH format 2/2a/2b becomes a retunib§ame, DMRS's are not punctured.
Therefore, puncture does not influence demodulatidrase station 100.

[0190] Each embodiment of the present disclosaslieen described above.

[0191] Though, in the above embodiments, desorptias been made on a case where an
aspect of the present disclosure is implementelabgware, the present disclosure can be
realized by software in cooperation with hardware.

[0192] Further, each functional block used in tlescription of the above embodiments
is typically realized as an LSl which is an intagoh circuit. The integrated circuit
controls each functional block used in the desionipof the above embodiments and may
be provided with an input and an output. These tyndividually integrated into one
chip, or a part or all of them may be into one chk@pthat the part or all of them are
included. Though the integrated circuit is assurtedbe an LSI here, it may also be
referred to as an IC, system LSI, super LSI oaulifl according to difference in a degree
of integration.

[0193] Further, a scheme for integrated circuita is not limited to an LSI, but the
integrated circuit may be realized by a dedicatiecuit or a general-purpose processor.
An FPGA (Field Programmable Gate Array) which canplbbogrammed after manufacture
of an LSI or a reconfigurable processor in whichreections and settings of circuit cells
inside the LSI can be reconfigured may be used.

[0194] Furthermore, if an integrated circuitizatitechnology which replaces the LSI
appears due to progress in semiconductor technotogpther derived technologies,
integration of the functional blocks may be, of ®my performed using the technology.
Application of biotechnology and the like can besgibilities.

[0195] A terminal of the present disclosure isvided with: a control section that, if, for

a narrowband to be used for a subframe to trangplibk data, switching from a first
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narrowband used for a first subframe to a secorrdowhand different from the first
narrowband, for a second subframe following thetfsubframe, punctures a last one
symbol of the first subframe and a first one symbblkhe second subframe to set the
symbols as retuning time; and a transmitting sacti@mt transmits the uplink data in the
first narrowband and the second narrowband.

[0196] A terminal of the present disclosure isvided with: a control section that, if
switching from a first narrowband used for a fisstbframe to transmit ACK/NACK to
downlink data to a second narrowband different frtn first narrowband, for a second
subframe to transmit uplink data, the second suidréollowing the first subframe, sets
first two symbols of the second subframe as retutiime; and a transmitting section that
transmits the ACK/NACK in the first narrowband atrdnsmits the uplink data in the
second narrowband.

[0197] A terminal of the present disclosure isvided with: a control section that, if
switching from a first narrowband used for a fisstbframe to transmit uplink data to a
second narrowband different from the first narromdyafor a second subframe to transmit
ACK/NACK to downlink data, the second subframe duling the first subframe, sets last
two symbols of the first subframe as retuning tiared a transmitting section that transmits
the uplink data in the first narrowband and transnthe ACK/NACK in the second
narrowband.

[0198] A terminal of the present disclosure isvided with: a control section that, if, for
a narrowband to be used for a subframe to tranfeiiback of CSI (Channel State
Information) using a PUCCH (Physical Uplink Contf@hannel) format 2a/2b, switching
from a first narrowband used for a first subframe tsecond narrowband different from the
first narrowband, for a second subframe followihg first subframe, punctures a last one
symbol of the first subframe and a first one symbblthe second subframe to set the

symbols as retuning time; and a transmitting sacti@t transmits the CSI signal in the
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first narrowband and the second narrowband.

[0199] In the terminal of the present disclostine, control section switches from the first
narrowband to the second narrowband by frequenppihg.

[0200] In the terminal of the present disclosutes first narrowband and the second
narrowband are set for MTC (Machine Type Commurocdtterminals.

[0201] A transmission method of the present dmate includes: if, for a narrowband to
be used for a subframe to transmit uplink datasaharrowband used for a first subframe
is switched to a second narrowband different frdra tirst narrowband, for a second
subframe following the first subframe, puncturinépat one symbol of the first subframe
and a first one symbol of the second subframe tdhge symbols as retuning time; and
transmitting the uplink data in the first narrowdaand the second narrowband.

[0202] A transmission method of the present dmate includes: if a first narrowband
used for a first subframe to transmit ACK/NACK tovehlink data is switched to a second
narrowband different from the first narrowband, #éosecond subframe to transmit uplink
data, the second subframe following the first saoie, setting first two symbols of the
second subframe as retuning time; and transmitting ACK/NACK in the first
narrowband and transmitting the uplink data ingeéeond narrowband.

[0203] A transmission method of the present dsate includes: if a first narrowband
used for a first subframe to transmit uplink dagaswitched to a second narrowband
different from the first narrowband, for a secontbfsame to transmit ACK/NACK to
downlink data, the second subframe following thistfsubframe, setting last two symbols
of the first subframe as retuning time; and tramtsng the uplink data in the first
narrowband and transmitting the ACK/NACK in the aed narrowband.

[0204] A transmission method of the present dmate includes: if, for a narrowband to
be used for a subframe to transmit feedback of d8lg a PUCCH format 2a/2b, a first

narrowband used for a first subframe is switchea $econd narrowband different from the
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symbol of the first subframe and a first one symbblkhe second subframe to set the

symbols as retuning time; and transmitting the €i§hal in the first narrowband and the
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second narrowband.

Industrial Applicability

[0205] An aspect of the present disclosure isulgef a mobile communication system.

Reference Signs List

[0206]

100 Base station

200 Terminal

101,209 Control section

102 Control signal generating section
103 Control signal encoding section
104 Control signal modulating section
105, 210 Data encoding section

106 Retransmission control section
107 Data modulating section

108, 217 Signal assigning section
109, 218 IFFT section

110, 219 CP adding section

111, 220 Transmitting section

112, 201 Antenna

113, 202 Receiving section

114, 203 CP removing section
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115, 204 FFT section

116, 205 Extracting section
117 Demapping section

118 Channel estimating section
119 Equalizing section

120 Demodulating section

121 Decoding section

122, 125 Judging section

123 Despreading section

124 Correlation processing section
206 Data demodulating section
207 Data decoding section

208 CRC section

211 CSI signal generating section

212 Response signal generating section

213 Modulating section
214 DFT section
215 Spreading section

216 Repetition section
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CLAIMS
Claim 1 A terminal comprising:

a control section that, when, for a narrowbantiéaised for a subframe to transmit
uplink data, switching from a first narrowband uded a first subframe to a second
narrowband different from the first narrowband, fosecond subframe following the first
subframe, punctures a last one symbol of the $wsframe and a first one symbol of the
second subframe to set the symbols as retuning &nte

a transmitting section that transmits the upliakadin the first narrowband and the

second narrowband.

Claim 2 A terminal comprising:

a control section that, when switching from atfirmrrowband used for a first
subframe to transmit ACK/NACK to downlink data t@second narrowband different from
the first narrowband, for a second subframe tostranhuplink data, the second subframe
following the first subframe, sets first two symbaidf the second subframe as retuning
time; and

a transmitting section that transmits the ACK/NA@Kthe first narrowband and

transmits the uplink data in the second narrowband.

Claim 3 A terminal comprising:

a control section that, when switching from atfirmrrowband used for a first
subframe to transmit uplink data to a second ndveowl different from the first
narrowband, for a second subframe to transmit AGYCK to downlink data, the second
subframe following the first subframe, sets lasb taymbols of the first subframe as
retuning time; and

a transmitting section that transmits the uplirdtadin the first narrowband and
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transmits the ACK/NACK in the second narrowband.

Claim 4 A terminal comprising:

a control section that, when, for a narrowbantiéaised for a subframe to transmit
feedback of CSI (Channel State Information) usinBWCCH (Physical Uplink Control
Channel) format 2a/2b, switching from a first narband used for a first subframe to a
second narrowband different from the first narromdyafor a second subframe following
the first subframe, punctures a last one symbdhefirst subframe and a first one symbol
of the second subframe to set the symbols as rejuime; and

a transmitting section that transmits the CSl &lign the first narrowband and the

second narrowband.

Claim 5 The terminal according to any one of clailndo 4, wherein the control

section switches from the first narrowband to tleeomd narrowband by frequency

hopping.

Claim 6 The terminal according to any one of claibhsto 4, wherein the first
narrowband and the second narrowband are set f& Wlachine Type Communication)

terminals.

Claim 7 A transmission method comprising:

when, for a narrowband to be used for a subframiansmit uplink data, a first
narrowband used for a first subframe is switchea second narrowband different from the
first narrowband, for a second subframe followihg first subframe, puncturing a last one
symbol of the first subframe and a first one symbblthe second subframe to set the

symbols as retuning time; and
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transmitting the uplink data in the first narrowmdaand the second narrowband.

Claim 8 A transmission method comprising:
when a first narrowband used for a first subfratmetransmit ACK/NACK to
downlink data is switched to a second narrowbafférént from the first narrowband, for
a second subframe to transmit uplink data, the rekcgubframe following the first
subframe, setting first two symbols of the secamafreme as retuning time; and
transmitting the ACK/NACK in the first narrowbarahd transmitting the uplink

data in the second narrowband.

Claim 9 A transmission method comprising:

when a first narrowband used for a first subframransmit uplink data is switched
to a second narrowband different from the firstroaband, for a second subframe to
transmit ACK/NACK to downlink data, the second galnfie following the first subframe,
setting last two symbols of the first subframeetaming time; and

transmitting the uplink data in the first narrowda and transmitting the

ACK/NACK in the second narrowband.

Claim 10  Atransmission method comprising:

when, for a narrowband to be used for a subframeansmit feedback of CSI using
a PUCCH format 2a/2b, a first narrowband used fdirss subframe is switched to a
second narrowband different from the first narromdhafor a second subframe following
the first subframe, puncturing a last one symbadaheffirst subframe and a first one symbol
of the second subframe to set the symbols as rejuime; and

transmitting the CSI signal in the first narrowtand the second narrowband.
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