BASE STATION APPARATUS, TERMINAL APPARATUS, COMMUNIATION
METHOD, AND INTEGRATED CIRCUIT

Technical Field
[0001]
The present invention relates to a base statiom@ips, a terminal apparatus, a
communication method, and an integrated circuit.
This application claims priority based on JP 20¥&£64 filed on December 20
and submitted to Japan Patent Office, 2016, theerus of which are incorporated herein
by reference.

Background Art
[0002]

Currently, the Third Generation Partnership Prof@&PP) has performed
technical studies and standard formulation of Ldergm Evolution (LTE)-Advanced Pro
and New Radio technology (NR) as radio access sekaand wireless network
technologies for fifth generation cellular syste(hd’L 1).

[0003]

The fifth-generation cellular system requires thaggicipated scenarios for
services: enhanced Mobile BroadBand (eMBB) whicdlimes high-speed, high-capacity
transmission, Ultra-Reliable and Low Latency Comigcation (URLLC) which realizes
low-latency, high-reliability communication, and ssave Machine Type Communication
(mMTC) that allows a large number of machine tygeides to be connected in a system
such as Internet of Things (loT).

[0004]

The NR studies the Massive Multiple-Input Multip@utput (MIMO) technology
that uses a large number of antenna elements htfregquencies to secure coverage with a
beamforming gain (NPL 2, NPL 3, and NPL 4).
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Summary of Invention
Technical Problem
[0006]

An object of the present invention is to provideeaminal apparatus, a base station
apparatus, a communication method, and an integreteuit, where the base station
apparatus and the terminal apparatus are efficretite above-mentioned radio
communication systems.

Solution to Problem
[0007]

(1) To accomplish the object described above, a@spefcthe present invention are
contrived to provide the following measures. A taral apparatus according to one aspect
of the present invention is a terminal apparatuscfiommunicating with a base station
apparatus. The terminal apparatus includes: a terepnit configured to: receive first
information including at least one first settingceive second information including at
least one second setting, receive third informatrauding at least one third setting, and
receive fourth information; a channel state measm unit configured to measure
channel state information; and a transmission ooitfigured to report the channel state
information based on interference that is measumethe terminal apparatus, the at least
one first setting comprises a plurality of firsttéegs for at least one report of the channel
state information. Each of the plurality of firgtings includes one first index. The at
least one second setting comprises a pluralityegbad settings concerning at least one
reference signal for measuring the interferenceh&a the plurality of second settings
includes one second index. The at least one thattingy includes one of the first indices,
one of the second indices, and one third index. fDleth information includes
information for indicating at least one of the thindices.

[0008]

(2) A base station apparatus according to one asgebe present invention is a
base station apparatus for communicating with eteal apparatus. The base station
apparatus includes: a transmission unit configucedransmit first information including
at least one first setting, transmit second infaioraincluding at least one second setting,
transmit third information including at least or®@rt setting, and transmit fourth
information; and a reception unit configured toe®e channel state information. In the
base station apparatus, the at least one firshgetbmprises a plurality of first settings
for at least one report of the channel state inftion. Each of the plurality of first
setting includes one first index. The at least saeond setting comprises a plurality of
second settings concerning at least one refereigoalsfor measuring interference. Each
of the plurality of second settings includes oneosal index. The at least one third setting
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includes one of the first indices, one of the setomices, and one third index. The fourth
information includes information for indicating kast one of the third indices.
[0009]

(3) A communication method according to one aspét¢he present invention is a
communication method for a terminal apparatus fmnmunicating with a base station
apparatus. The communication method includes tapssof: receiving first information
including at least one first setting; receiving @ed information including at least one
second setting; receiving third information inclodiat least one third setting; receiving
fourth information; measuring channel state infotima; and reporting the channel state
information based on interference that is measuredhe communication method, the at
least one first setting comprises a plurality aéfisettings for at least one report of the
channel state information. Each of the pluralityfio$t settings includes one first index.
The at least one second setting comprises a plyraflisecond settings concerning at least
one reference signal for measuring the channeé stdbrmation. Each of the plurality of
second settings includes one second index. Theast lone third setting includes one of
the first indices, one of the second indices, and third index. The fourth information
includes information for indicating at least onetbé third indices.

[0010]

(4) A communication method according to one aspéthe present invention is a
communication method for a base station apparatusdmmunicating with a terminal
apparatus. The communication method includes tapssof: transmitting first
information including at least one first settingaismitting second information including
at least one second setting; transmitting thir@infation including at least one third
setting; transmitting fourth information; and redeig channel state information. In the
communication method, the at least one first sgtiamprises a plurality of first settings
for at least one report of the channel state infron. Each of the plurality of first
settings includes one first index. The at least s@eond setting comprises a plurality of
second settings concerning at least one refereigo@lsfor measuring interference. Each
of the plurality of second settings includes oneosal index. Each of the plurality of
second settings concerning the at least one redersignal includes one second index.
The at least one third setting includes one offtist indices, one of the second indices,
and one third index. The fourth information inclsdaeformation for indicating at least
one of the third indices.

[0011]

(5) An integrated circuit according to one aspdcth@ present invention is an
integrated circuit mounted in a terminal appardtrscommunicating with a base station
apparatus. The integrated circuit includes: a nemreconfigured to: receive first
information including at least one first settingceive second information including at
least one second setting, receive third informatraiuding at least one third setting, and
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receive fourth information; a channel state measaoafigured to measure channel state
information; and a transmitter configured to repivé channel state information based on
interference that is measured. In the integratecud, the at least one first setting
comprises a plurality of first settings for at lease report of the channel state
information. Each of the plurality of first settisgncludes one first index. The at least
one second setting comprises a plurality of secgettings concerning at least one
reference signal for measuring the channel stdtenmation. Each of the plurality of
second settings includes one second index. Theast lone third setting includes one of
the first indices, one of the second indices, and third index. The fourth information
includes information for indicating at least onetbé third indices.

[0012]

(6) An integrated circuit according to one aspedcthe present invention is an
integrated circuit mounted in a base station apgigréor communicating with a terminal
apparatus. The integrated circuit includes: a tratter configured to: transmit first
information including at least one first settingarismit second information including at
least one second setting, transmit third informatiocluding at least one third setting,
and transmit fourth information; and a receiver figured to receive channel state
information. In the integrated circuit, the at lease first setting comprises a plurality of
first settings for at least one report of the charstate information. Each of the plurality
of first settings includes one first index. Theledst one second setting comprises a
plurality of second settings concerning at least oeference signal for measuring
interference. Each of the plurality of second sefs$iincludes one second index. The at
least one third setting includes one of the firgtices, one of the second indices, and one
third index. The fourth information includes infoation for indicating at least one of the
third indices.

Advantageous Effects of Invention
[0013]
According to one aspect of the present inventiobase station apparatus and a
terminal apparatus efficiently communicate with eather.

Brief Description of Drawings

[0014]

FIG. 1 is a diagram illustrating a concept of aicacbommunication system
according to the present embodiment.

FIG. 2 is a diagram illustrating an exemplar schemeonfiguration of a downlink
slot according to the present embodiment.

FIG. 3 is a diagram illustrating relationships amgansubframe, a slot, and a
mini-slot in a time domain.



FIG. 4 is a diagram illustrating some exemplar slot subframes.

FIG. 5 is a diagram illustrating exemplar beam form

FIG. 6 is a schematic block diagram illustratingamfiguration of a terminal
apparatus 1 according to the present embodiment.

FIG. 7 is a schematic block diagram illustratingamfiguration of a base station
apparatus 3 according to the present embodiment.

Description of Embodiments
[0015]

Embodiments of the present invention will be delsed below.
[0016]

FIG. 1 is a conceptual diagram of a radio commutidecasystem according to the
present embodiment. In FIG. 1, a radio communicatigstem includes terminal
apparatuses 1A to 1C and a base station apparatdsrdinafter, the terminal apparatuses
1A to 1C are each also referred to as a terminpaegius 1.

[0017]

The terminal apparatus 1 is also called a useriteaina mobile station device, a
communication terminal, a mobile device, a terminidder Equipment (UE), and a Mobile
Station (MS). The base station apparatus 3 is eéddled a radio base station apparatus, a
base station, a radio base station, a fixed statiddodeB (NB), an evolved NodeB
(eNB), a Base Transceiver Station (BTS), a Baséi@®@tdBS), an NR NodeB (NR NB), an
NNB, a Transmission and Reception Point (TRP), giN®.

[0018]

In FIG. 1, in a radio communication between therti@mal apparatus 1 and the base
station apparatus 3, Orthogonal Frequency Dividvuitiplexing (OFDM) including a
Cyclic Prefix (CP), Single-Carrier Frequency Diwgi Multiplexing (SC-FDM), Discrete
Fourier Transform Spread OFDM (DFT-S-OFDM), or MuTtarrier Code Division
Multiplexing (MC-CDM) may be used.

[0019]

Furthermore, in FIG 1, in the radio communicatiaiveen the terminal apparatus
1 and the base station apparatus 3, UniversaltEdtélulti-Carrier (UFMC), Filtered
OFDM (F-OFDM), Windowed OFDM, or Filter-Bank Mul@arrier (FBMC) may be
used.

[0020]

Note that the present embodiment will be describgdising OFDM symbol with
the assumption that a transmission scheme is OFiNd,use of any other transmission
scheme is also included in one aspect of the ptasgantion.

[0021]



Alternatively, in FIG. 1, in the radio communicatidetween the terminal
apparatus 1 and the base station apparatus 3,Ri0€s not have to be used, or the
above-described transmission scheme with zero padadiay be used instead of the CP.
Moreover, the CP or zero passing may be added foottard and backward.

[0022]

In FIG. 1, in a radio communication between therieal apparatus 1 and the base
station apparatus 3, Orthogonal Frequency Dividiuitiplexing (OFDM) including a
Cyclic Prefix (CP), Single-Carrier Frequency Diwgi Multiplexing (SC-FDM), Discrete
Fourier Transform Spread OFDM (DFT-S-OFDM), or MuTtarrier Code Division
Multiplexing (MC-CDM) may be used.

[0023]

In FIG. 1, the following physical channels are u$edthe radio communication
between the terminal apparatus 1 and the bas®stafiparatus 3.

[0024]

- Physical Broadcast CHannel (PBCH)

- Physical Control CHannel (PCCH)

- Physical Shared CHannel (PSCH)

[0025]

The PBCH is used to broadcast important informabtotks, such as Master
Information Block (MIB), Essential Information BlaqEIB), and Broadcast Channel
(BCH), which include essential system informaticaeded by the terminal apparatus 1.
[0026]

The PCCH is used to transmit Uplink Control Infotima (UCI) in a case of
uplink radio communication (radio communicationrfrahe terminal apparatus 1 to the
base station apparatus 3). Here, the uplink contformation may include Channel State
Information (CSI) used to indicate a downlink chahstate. The uplink control
information may include Scheduling Request (SR)dugerequest an UL-SCH resource.
The uplink control information may include Hybridufomatic Repeat reQuest
ACKnowledgment (HARQ-ACK). The HARQ-ACK indicateday be a HARQ-ACK for
downlink data (Transport block, Medium Access Coh®rotocol Data Unit (MAC PDU),
or Downlink-Shared Channel (DL-SCH)).

[0027]

The PCCH is used to transmit downlink control imh@tion (DCI) in a case of
downlink radio communication (radio communicationrh the base station apparatus 3 to
the terminal apparatus 1). Here, one or more pie€¢&xCI| (which may be referred to as
DCI formats) are defined for transmission of thevdtink control information. In other
words, a field for the downlink control informatios defined as DCI and is mapped to
information bits.

[0028]



For example, the DCI may be defined to include infation for indicating whether
a signal included in a scheduled PSCH correspoadi®wnlink radio communication or
uplink radio communication.

[0029]

For example, the DCI may be defined to include infation for indicating a
downlink transmission period included in a scheduRSCH.
[0030]

For example, the DCI may be defined to include infation for indicating an
uplink transmission period included in a schedukRSICH.
[0031]

For example, the DCI may be defined to include infation for indicating a
timing for transmitting HARQ-ACK with respect tostheduled PSCH (for example, the
number of symbols from the last symbol includedha PSCH to the symbol for
transmission of the HARQ-ACK).

[0032]

For example, the DCI may be defined to include infation for indicating a
downlink transmission period, a gap, and an uptmakismission period included in a
scheduled PSCH.

[0033]

For example, the DCI may be defined to be usedHerscheduling of a downlink
radio communication PSCH in a cell (transmissioraafownlink transport block).
[0034]

For example, the DCI may be defined to be usedHerscheduling of an uplink
radio communication PSCH in a cell (transmissioranfuplink transport block).
[0035]

Here, the DCI includes information about the schHeduof the PSCH in a case that
the PSCH includes the uplink or the downlink. Hettes DCI for the downlink is also
referred to as downlink grant or downlink assignmétere, the DCI for the uplink is also
referred to as uplink grant or uplink assignment.

[0036]

The PSCH is used to transmit uplink data (Uplinla&d CHannel (UL-SCH)) or
downlink data (Downlink Shared CHannel (DL-SCH)grr Medium Access Control
(MAC). Furthermore, for the downlink, the PSCH ised to transmit System Information
(S1), Random Access Response (PAR), and the like tie uplink, the PSCH may be
used to transmit the HARQ-ACK and/or CSI along wile uplink data. Furthermore, the
PSCH may be used to transmit the CSI only or theRPAACK and CSI only. In other
words, the PSCH may be used to transmit the UCy.onl
[0037]



Here, the base station apparatus 3 and the terrapyratus 1 exchange (transmit
and/or receive) signals with each other in thegpective higher layers. For example, the
base station apparatus 3 and the terminal appatatuay transmit and receive Radio
Resource Control (RRC) signaling (also referredasdRRC message or RRC information)
in the RRC layer. The base station apparatus 3tlamderminal apparatus 1 may transmit
and receive a Medium Access Control (MAC) contri@neent in a MAC layer,
respectively. Here, the RRC signaling and/or the®A@ontrol element is also referred to
as higher layer signaling.

[0038]

The PSCH may also be used to transmit the RRC Brgpand the MAC control
element. Here, the RRC signaling transmitted fromn lbase station apparatus 3 may be
signaling common to multiple terminal apparatuses & cell. The RRC signaling
transmitted from the base station apparatus 3 neagignaling dedicated to a certain
terminal apparatus 1 (also referred to as dedicsigdhaling). In other words, terminal
apparatus-specific (UE-specific) information maytbensmitted through signaling
dedicated to the certain terminal apparatus 1.H8EH may be used to transmit UE
capabilities in the uplink.

[0039]

Although the same designations PCCH and PSCH aremamnly used for the
downlink and the uplink, different channels maydedined for the downlink and for the
uplink.

[0040]

For example, the shared channel of the downlink Imayeferred to as a Physical
Downlink Shared CHannel (PDSCH). In addition, tihemed channel of the uplink may be
referred to as a Physical Uplink Shared CHannelSEH). In addition, the control
channel of the downlink may be referred to as asitat Downlink Control CHannel
(PDCCH). The control channel of the uplink may kéerred to as a Physical Uplink
Control CHannel (PUCCH).

[0041]

In FIG. 1, the following downlink physical signadse used for downlink radio
communication. Here, the downlink physical signale not used to transmit the
information output from the higher layers but iddy the physical layer.

- Synchronization Signal (SS)

- Reference Signal (RS)

[0042]

The Synchronization Signal may include a Primarm@&yonization Signal (PSS)
and a Secondary Synchronization Signal (SSS). @Blimay be detected using the PSS
and the SSS.

[0043]



The Synchronization Signal is used for the termeygparatus 1 to take
synchronization in the frequency domain and theetohomain in the downlink. The
Synchronization Signal may be used by the termapgdaratus 1 for precoding by the base
station apparatus 3, for precoding in beamformorgheam selection.

[0044]

The Reference Signal is used by the terminal agpara to perform channel
compensation on a physical channel. The ReferemgpeaSmay be used by the terminal
apparatus 1 to calculate the downlink CSI. In additthe Reference Signal may be used
for a numerology for a radio parameter or subcamspacing, or may be used for Fine
synchronization sufficient to achieve FFT windownsfironization.

[0045]

In the present embodiment, any one or more of thlewing downlink Reference
Signals are used.

- Demodulation Reference Signal (DMRS)

- Channel State Information Reference Signal (CS)-R

- Phase Tracking Reference Signal (PTRS)

- Mobility Reference Signal (MRS)

[0046]

The DMRS is used to demodulate modulated signatge khat two types of
Reference Signals may be defined: Reference Signaldemodulating PBCH; and
Reference Signals for demodulating PSCH. In addjtReference Signals of both types
may be referred to as DMRS. The CSI-RS is usedifermeasurement of the Channel
State Information (CSI) and for the beam managembBme PTRS is used to track the
phase when the terminal apparatus moves, or itikbeevents. The MRS may be used to
measure the reception quality of the signals frooitiple base station apparatuses for
handovers. In addition, Reference Signals for comspéng phase noise may also be
defined as Reference Signals.

[0047]

The downlink physical channels and/or the downlpiiysical signals are
collectively referred to as downlink signals. Thalink physical channels and/or the
uplink physical signals are collectively referredas uplink signals. The downlink
physical channels and/or the uplink physical chdsiiaee collectively referred to as
physical channels. The downlink physical signald/anthe uplink physical signals are
collectively referred to as physical signals.

[0048]

The BCH, the UL-SCH, and the DL-SCH are transpbdrnnels. A channel used in
a Medium Access Control (MAC) layer is referreda® a transport channel. A unit of the
transport channel used in the MAC layer is als@mnefd to as a transport block (TB) or a
MAC Protocol Data Unit (MAC PDU). A Hybrid AutomatiRepeat reQuest (HARQ) is
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controlled for each transport block in the MAC lay€he transport block is a unit of data
that the MAC layer delivers to the physical laylerthe physical layer, the transport block
is mapped to a codeword, and coding processingilipmned for each codeword.

[0049]

Reference Signals may be used in the Radio Resddeasurement (RRM).
Reference signals may also be used for the beanageament.

[0050]

The beam management may be a procedure performéuehyase station
apparatus 3 and/or the terminal apparatus 1 fouisiogy beam gain by matching the
direction of the analog and/or digital beam in theensmission apparatus (the base station
apparatus 3 in downlink cases; the terminal apparatin uplink cases) with the direction
of the analog and/or digital beam in the recepapparatus (the terminal apparatus 1 in
downlink cases; the base station apparatus 3 imkighses).

[0051]

Note that the beam management may include theviatlg procedures.

- Beam selection

- Beam refinement

- Beam recovery
[0052]

For example, the beam selection may be a procefdureelecting a beam in the
communication between the base station apparatusil3he terminal apparatus 1. In
addition, the beam refinement may be a procedursdtecting a beam with a higher gain,
or for changing the beam between the optimal béastos apparatus 3 and the terminal
apparatus 1, which may be needed when the termp@dratus 1 moves. The beam
recovery may be a procedure for re-selecting a beaen the quality of the
communication link is degraded by a blockage causledn an obstruction or a person
crosses the communication path between the baters&pparatus 3 and the terminal
apparatus 1.

[0053]

For example, the CSI-RS may be used in selectiegtdnsmit beam of the base
station apparatus 3 in the terminal apparatus B Quasi Co-Location (QCL) assumption
may be used for the same purpose.

[0054]

If the Long Term Property of a channel where aaearsymbol in one antenna port
is carried can be inferred from the channel whaedertain symbol in the other antenna
port is carried, the two antenna ports are considéo be in the QCLs. The Long Term
Property of the channel includes one or more ofdékay spread, the Doppler spread, the
Doppler shift, the average gain, and the averadayd&or example, when antenna port 1
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and antenna port 2 are in the QCL for an averad@ydé is meant that the reception
timing of antenna port 2 may be inferred from tleeeption timing of antenna port 1.
[0055]

The QCL may also be extended to the beam managemenhis end, the spatially
extended QCL may be newly defined. For examplepag.term property of the channel
in the spatial QCL assumption may be: the Angléwfval (AoA) (such as the Zenith
angle of Arrival (ZoA), etc.) in the radio link @hannel and/or its Angle of Spread (such
as the Angle Spread of Arrival (ASA) and Zenith En§pread of Arrival (ZSA)); or the
delivery angle (such as the AoD, ZoD, etc.) andi®Angle Spread, (such as Angle
Spread of Departure (ASD), Zenith angle Spread ep&rture (ZSS)); or the Spatial
Correlation.

[0056]

By use of this method, the operations of the basgBo apparatus 3 and the
terminal apparatus 1 equivalent to the beam managémay be defined, as the beam
management, based on the spatial QCL assumptiortheenchdio resources (time and/or
frequency).

[0057]

The subframe will now be described. The subframthenembodiment may also be
referred to as a resource unit, a radio framema fperiod, or a time interval.
[0058]

FIG. 2 is a diagram illustrating an exemplar schemeonfiguration of a downlink
slot according to a first embodiment of the presemention. Each of the radio frames is
10 ms in length. Each of the radio frames inclui@subframes and X slots. In other
words, the length of one subframe is 1 ms. Eacthefslots has a duration defined by
subcarrier spacing. For example, in a case of &H&bsubcarrier spacing of OFDM
symbols and in addition, in a case of a Normal @yPlrefix (NCP), X =7 or X = 14. The
duration of each slot is 0.5 ms for the case of X,and is 1 ms for the case of X = 14. In
addition, in a case where the subcarrier spacirGpikHz, X = 7 or X = 14. The duration
of each slot is 0.125 ms for the case of X = 7, sn@.25 ms for the case of X = 14. FIG. 2
illustrates the case of X = 7 as an example. No& in the case of X = 14, the same
extension is possible. The uplink slot may be dedisimilarly. Alternatively, the
downlink slot and the uplink slot may be definegaeately.

[0059]

The signal or the physical channel transmittedanheof the slots may be
expressed by a resource grid. The resource gueéfimed by a plurality of subcarriers and
a plurality of OFDM symbols. The number of subcarsiincluded in one slot depends on
the bandwidths of the downlink and the uplink oé ttell. Each element within the
resource grid is referred to as a resource elenTdrd.resource element may be identified
by a subcarrier number and an OFDM symbol number.
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[0060]

A resource block is used to express the mapping adrtain physical downlink
channel (such as the PDSCH) or a certain physighlihki channel (such as the PUSCH) to
resource elements. For the resource block, a \liresource block and a physical
resource block are defined. A certain physical niplchannel is mapped firstly to a virtual
resource block. Then, the virtual resource blockegpped to the physical resource block.
In a case where the number X of OFDM symbols inetlith the slot is seven (i.e., X = 7)
and in addition, in a case of the NCP, one physieaburce block is defined by seven
consecutive OFDM symbols in the time domain andvibglve consecutive subcarriers in
the frequency domain. Hence, one physical resobloek includes (7 x 12) resource
elements. In the case of the Extended CP (ECP) pbgsical resource block is defined,
for example, by six consecutive OFDM symbols in tilee domain and by twelve
consecutive subcarriers in the frequency domaimddeone physical resource block
includes (6 x 12) resource elements. Note thatpingsical resource block corresponds to
one slot in the time domain, and that in the cdsa subcarrier spacing of 15 kHz, one
physical resource block corresponds to 180 kHz (k129 in the case of a 60-kHz
subcarrier spacing) in the frequency domain. Phalsiesource blocks are numbered from
0 in the frequency domain.

[0061]

The subframe, the slot, and the mini-slot will nbes described. FIG. 3 is a
diagram illustrating the relationships among a salnfe, a slot, and a mini-slot in the time
domain. As illustrated in FIG. 3, three time urat® defined. The subframe has a duration
of 1 ms regardless of the subcarrier spacing, tRBXKd symbol number included in the
slot is 7 or 14, and the slot length varies depegdin the subcarrier spacing. In a case
where the subcarrier spacing is 15 kHz, 14 OFDM Isgi®s are included in one subframe.
Thus, supposing that the subcarrier intervalfigkHz), the slot length may be defined as
0.5/ (Af / 15) ms in the case where 7 OFDM symbols aréuisked in one slot. Note that
the Af may be defined by the subcarrier spacing (kHa)adldition, The slot length may be
defined as 1/Af/ 15) ms in the case where 7 OFDM symbols aréuished in one slot.
Note that theAf may be defined by the subcarrier spacing (kHa)adldition, the slot
length may be defined as X/144f(15) ms, where X is the OFDM symbol number
included in the slot.

[0062]

The mini-slot (which may be referred to as a sultjsis a time unit including
OFDM symbols that are fewer than the OFDM symbalduded in the slot. FIG. 3
illustrates, by way of example, a case where thei4sliot includes 2 OFDM symbols. The
OFDM symbols in the mini-slot may match the timiogthe OFDM symbols included in
the slot. Note that the smallest unit of schedulimgy be a slot or a mini-slot.

[0063]
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FIG. 4 is a diagram illustrating some exemplar slot subframes. The illustrated
example is a case where the slot length is 0.5 itis thve subcarrier spacing being 15
kHz. In FIG. 4, the symbol D represents the dowkliand the symbol U represents the
uplink. As illustrated in FIG. 4, in a certain tinperiod (for example, the minimum time
period that has to be allocated to an UE in theéesy$, the subframe may include one or
more of the followings:

- Downlink part (duration);

- Gap; and

- Uplink part (duration).

[0064]

Part (a) of FIG. 4 illustrates an example in whibk entire subframe is used for
downlink transmission during a certain time per{dor example, a minimum time
resource unit that can be allocated to an UE; thremum time resource unit may be
referred to as a time unit, or a plurality of thenfmum time resource units bundled
together may be referred to as a time unit). Farof FIG. 4 illustrates an example in
which an uplink is scheduled via, for example, &by using the first time resource,
and an uplink signal is transmitted after a gapdgrocessing delay of the PCCH, a time
for switching from a downlink to an uplink, and gaation of a transmit signal. Part (c) of
FIG. 4 illustrates an example in which a downlinR®H and/or downlink PSCH are
transmitted by using the first time resource, arISICH or PCCH is transmitted after a
gap for a processing delay, a time for switchingrira downlink to an uplink, and
generation of a transmit signal. Here, for exam(ie, uplink signal may be used to
transmit the HARQ-ACK and/or CSI, namely, the U@hrt (d) of FIG. 4 illustrates an
example in which a downlink PCCH and/or a downIP8CH are transmitted by using the
first time resource, and a PSCH or PCCH is tran®diafter a gap for a processing delay,
a time for switching from a downlink to an uplinknd generation of a transmit signal.
Here, for example, the uplink signal may be usetraasmit the uplink data, namely, the
UL-SCH. Part (e) of FIG. 4 illustrates an exampianihich the entire subframe is used for
uplink transmission (uplink PSCH or PCCH).

[0065]

The above-described downlink part and uplink paatrbe constituted of multiple
OFDM symbols as is the case with LTE.

[0066]

FIG. 5 is a diagram illustrating exemplar beam forgn Multiple antenna elements
are connected to one Transceiver unit (TXRU) 10adehshifters 11 are individually
provided for the multiple antenna elements to colntine phases. The transmit signal is
transmitted from antenna elements 12, allowingliteam to be directed in any direction
relative to the transmit signal. Typically, the TXRnay be defined as an antenna port,
and only the antenna port may be defined in theniteal apparatus 1. By controlling the
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phase shifters 11, the base station apparatus 8icact directionality in any direction,
and thus, the base station apparatus 3 can comatenndth the terminal apparatus 1 by
use of a beam having a high gain.

[0067]

The terminal apparatus 3 performs measurementsefRRC layer to measure the
quality of the radio link (e.g., RRM measuremen®)e terminal apparatus 3 performs
CSI measurements on the physical layer. The tern@ipparatus 3 transmits, in the RRC
layer, the report of the measurement performed&RRC layer, and transmits, in the
physical layer, the report of the CSI in the phgsi@yer.

[0068]

In the case of a downlink, the CSI report repotdsthe base station apparatus 3,
the CSI measured by the terminal apparatus 1. iBoethd, the base station apparatus 3
configures one or more CSI reporting settings for terminal apparatus 1. The CSI
reporting settings may include the following segin

- Operation in the time direction (transmission huoet)

- Granularity in frequency domain

- CSI Type
[0069]

The operation in the time direction may indicatma@thod of transmitting reference
signals, such as an aperiodic method (which masebexred also to as the one-shot
method), a semi-persistent method, and a periodithod.

[0070]

The granularity in the frequency domain may be,drample, the granularity used
in the calculation of the PMI and/or the CQI. Faxample, the granularity may indicate
that one wide band PMI and/or one wide band CQiravided for all the resource blocks
included in the measured bandwidth. For example,gitanularity may indicate the
number of resource blocks (the number of resoufoelds in the partial band and/or in the
resource block group) for which the sub-band angéantial band (i.e., a band narrower
than the band to be measured) PMI and/or the sulo-bad/or partial band CQI.

[0071]

The CSI type may indicate the type of CSI, suchwasch one or more of the CQI,
PMI, RI, and CRI to be reported as the CSI to mreed. In addition, as the CSI type
may indicate which type of CSI to be fed back: @@l (type 1) including PMI
represented by a codebook; or an extended CSI @ypeich as an analog feedback or a
more granular codebook and/or a channel matrix@ma/covariance matrix of channels.
[0072]

The RS (e.g., CSI-RS) is used to assume the redersignal to measure CSI. To
this end, the base station apparatus 3 sets omom@ RS settings for the terminal
apparatus 1. The RS settings may include the falgvwsetting items:
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- Operation in the time direction (transmission hoat)

- Resource(s)

- Reference signal type
[0073]

The operation in the time direction may indicateethod of transmitting reference
signals, such as an aperiodic method, a semi-gendisnethod, and a periodic method.
[0074]

The resource may indicate a resource element amt@FDM symbol mapped at
time and/or frequency. In addition, in the casewsdfemi-persistent or periodic
transmission, a transmission interval (e.g., inlisglconds, in numbers of slots, in
numbers of OFDM symbols, or the like) may be indéch Note that a CSI-RS resource
may be indicated by an index (or identity) in whigiich kinds of information is mapped.
[0075]

Note that in any of the periodic, the semi-pergister the periodic method, the
period and the subframe offset and/or the slotedftd the reference signal to be
potentially transmitted may be included in an itemthin the RS settings described above.
[0076]

The reference signal type may indicate, for exampleether a reference signal
other than the CSI-RS (e.g., DMRS) is to be used exference signal for the CSI
measurement. Needless to say, in a case whereSh&SE is the only signal that can be
used as the reference signal for the CSI measurgrnies setting does not have to be
included.

[0077]

In the CSI measurement, the terminal apparatusukésl to measure the CSI. To
this end, the base station apparatus 3 sets omom@ CSI measurement settings for the
terminal apparatus 1. The CSI measurement settimgsinclude the following setting
items:

- One CSI report setting (one setting or an indekdating that one setting among
one or more CSI reporting settings);

- One RS setting (one setting or an index indigatimat one setting among one or
more RS settings); and

- Reference transmission mode
[0078]

The above-mentioned one CSI report setting maycenei, in a particular CSI
measurement setting, a setting for reporting thér@&sured by use of the particular CSI
measurement setting, or may indicate an index atitig the CSI report setting.

[0079]
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The above-mentioned one RS setting may indicate, particular CSI setting, a
reference signal setting to be used for the paldicGS| measurement, or may indicate an
index indicating the reference signal setting.

[0080]

Alternatively, the CSI report setting may be a isgftrelating, with an index of the
one CSI report setting, the index of the CSI regetting and the index of the RS setting
included in the CSI report setting.

[0081]

The above-mentioned transmission mode may indidgata,particular CSI
measurement setting, the transmission mode andIbrvMmode to be assumed for the
CSI measurement. For example, the transmission nmmadebe a wireless transmission
mode such as an OFDM mode and/or a DFT-S-OFDM mobde.MIMO mode may be a
multi-antenna transmission mode, such as transomssiversity, closed loop MIMO,
open loop MIMO, and semi-open loop MIMO. Alternatly, the transmission mode may
be a transmission mode that refers to only onéhnes¢ mentioned above. Still
alternatively, the transmission mode may be a efee transmission mode formed by
combining some of these mentioned above.

[0082]

A CSI process for measuring the CSI may be condun the terminal apparatus
1. One CSI process may be associated with one RBgeOne CSI process may also be
associated with one CSI report setting.

[0083]

As described above, in a case where, for a pagrcRS setting, the reference
signal is activated in the MAC layer, the baseistatipparatus 3 transmits a reference
signal based on the RS setting, and the terminphigius 1 recognizes (assumes) that a
reference signal based on the RS setting and haeeg activated is transmitted. In a
period in which the reference signal is activatéw terminal apparatus 1 receives the
reference signal for the time and frequency resesiaf the reference signal configured
by the RS setting.

[0084]

Assume that, for example, for the CSI-RS resouncduided in the RS setting, a
cycle of 5 ms, a subframe offset (or a slot offs€tp, and the time and frequency
resources for which the CSI-RS is mapped in thetfoaubcarrier in the resource block of
the sixth OFDM symbol in each subframe are set.

[0085]

In this case, the potential resources in which@&-RS is mapped based on the
radio frame number are subframes {0, 5, 10,...}réJén a case where the CSI-RS is
activated in the MAC layer in the subframe 3, irésognized that the CSI-RS is in the
radio resource set by the RS setting until the RSlis deactivated in the subframe 3 or
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later. The terminal apparatus receives the CSI-R@prd in the fourth subcarrier in the
resource block of the fourth OFDM symbol in the Bames 5, 10,..., after the reference
signal has been activated.

[0086]

Here, in a case where the reference signal seh®d\RS setting is activated, the
terminal apparatus 1 assumes that the referencalssgt by the RS setting has been
activated. For example, in a case where the reteresmgnal is a CSI-RS and the CSI-RS
is activated in the subframe n, no PDSCH is mappeitie resource elements assumed by
the terminal apparatus 1 to be used for the CSHB&smission based on the RS setting
until the reference signal is deactivated afterghbframe n. On the other hand, PDSCH
is mapped to a resource element assumed by thén@rapparatus 1 to be used for the
CSI-RS based on the potential RS setting eitheoreethe subframe n or after the
deactivation.

[0087]

In a case where coordinated communication is peréar with a plurality of base
station apparatuses 3 or TRPs, the reference sggitihg is set individually for each
radio link (a plurality of CSI processes, a plutalof CSI measurement settings, or a
plurality of RS settings are set for the terminpparatus 1). The resource elements to
which the PDSCH is mapped may be separately sign&ler example, in a case where
CSI-RS setting is included in DCI information oretRDSCH resource element mapping,
no PDSCH is mapped to the resource element wher€81-RS transmission is assumed
to take place when the RS setting reference signattivated. Needless to say, the
coordinated communication is only an example angoisthe only possible
communication.

[0088]

Activation may be performed, based on the RRC sgttiwvhen the RRC setting is
set and/or when a MAC command is received. For gianif the RS setting of the RRC
includes a ‘periodic’, the corresponding CSI-RS nhayactivated upon receiving the RRC
message.

[0089]

In a case where the reference signal set by thea®8g is triggered by the DCI,
no PDSCH is mapped to the resource element whanstmission of the reference signal
set by the RS setting is assumed to take place.

[0090]

A method in which the RS for the CSI reporting & for the terminal apparatus 1
is set from the base station apparatus 3 will becdbed below. A corresponding RS
setting is identified from the index of the RS s&gt included in a particular CSI
measurement setting, and a channel measurememnehmeasurement) can be
generated based on the identified RS setting.
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[0091]

In a case where the RS setting transmission me¢hgoloyed in the RS setting and
set by the RS setting is a ‘periodic’ method, aroted measurement is generated based on
the RS setting when the RS setting is set.

[0092]

In a case where the RS setting transmission me¢hgoloyed in the RS setting and
set by the RS setting is a ‘semi-persistent’ methibd terminal apparatus 1 may receive,
based on the RS setting, a reference signal sétédRS setting. The terminal apparatus 1
may receive the reference signal from the time wtinenRS setting is set and the
reference signal is activated until the RS settsndeactivated.

[0093]

Here, activating the reference signal may mean tteterminal apparatus 1
recognizes that a reference signal is mapped &saurce element based on the RS
setting. In order to activate the reference sigtted, base station apparatus 3 activates the
reference signal in the MAC layer for the termiapparatus 1, and the information for
activating the reference signal may be includethsn MAC control element or the MAC
protocol data unit. The terminal apparatus 3 panfothe reception in the MAC layer, and
the reception of a reference signal based on thed®tihg starts from T (ms) later. In
addition, the deactivation, if performed, may bdigated in the MAC layer. As another
example of deactivation, instead of instructing teactivation signaling in the MAC
layer, reference signals of resource elements basdtie RS setting may be received for
a predetermined or pre-set time. Note that the flntkescribed above may be included in
the RS setting or may be predefined. In additiona icase where the time until the
reference signal is deactivated in the MAC layepris-set, the setting may be included in
the RS setting.

[0094]

At this time, one or more indices of RS settingsoasated with the reference
signal to be activated may be included as the MAget information for activating and/or
deactivating the reference signal. For exampleg case where one or more RS settings
are triggered in MAC layers, which reference sigimathe RS settings to be activated may
be indicated by a bitmap, or may be collectivelg@aed. The bit in each field
corresponds to an index for each RS setting, aadéference signal corresponding to the
field for which one is set is activated. The refere signal corresponding to the field for
which zero is set is deactivated.

[0095]

An index or indices of one or more CSI measurememdy be included as the
MAC layer information for activating and/or deadting the reference signal. For
example, in a case where one or more CSI measutesetings are triggered by the
MAC layers, which CSI measurement in the CSI measuent settings to be activated
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may be indicated by a bitmap, or may be collectiveicoded. The bit in each field
corresponds to an index for each CSI measuremedtitee CSI measurement
corresponding to the field for which one is seadivated. In addition, the CSI
measurement corresponding to the field for whictoze set is deactivated.

[0096]

In a case that the transmission method in the Rithges a ‘semi-persistent’
method, the terminal apparatus 1 may be triggeoe@¢teive the reference signal by the
DCI. At this time, in a subframe that is later thde one indicated by the DCI, the
reference signals set by the RS setting may beveddased on the RS setting. The
terminal apparatus 1 may be instructed, by the D&terminate the reception of the
reference signal. In addition, the DCI may includeindex of one or more CSI
measurements set by the CSI measurement settirmgprédingly, the reference signal
reception and CSI measurement can be efficienttjopmed.

[0097]

In a case where the transmission method in thed®ithg is a ‘aperiodic’ method,
the terminal apparatus 1 may receive a triggeeteive the reference signal by the DCI.
At this time, on the basis of the RS setting, teference signals set by the RS setting may
be received once or multiple times in the referesigmal resource of the subframe
instructed by the DCI or the first reference sigredource after this reference signal
resource of the indicated subframe. In additioe, B'CI may include an index of one or
more set CSI measurements. In addition, as infaonadncluded in the DCI, which one of
the CSI measurement settings to be associatedthetlriggering may be indicated by a
bitmap, or may be collectively encoded.

[0098]

A method in which the base station apparatus 3estputhe CSI report to the
terminal apparatus 1 will be described below. Or& @port setting or the CSI report
setting corresponding to the index of the CSI re¢pgettings included in the CSI report
setting is identified, and then the CSIl is reporb@ded on the identified CSI report
setting.

[0099]

In a case where the reporting method in the CSontegetting is a ‘periodic’
method, the terminal apparatus 1 may periodica|yort the CSI based on the CSI setting
when the CSI report setting is configured.

[0100]

In a case where the reporting method in the CSonegetting is a ‘semi-persistent’
method, the terminal apparatus 1 may report thelaSked on the CSI report setting. The
terminal apparatus 1 may report the CSI from theetivhen the CSI report is activated
until the CSlI report is deactivated.

[0101]
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Here, activating the CSI report may mean that grentnal apparatus 1 may report
the CSI based on the CSI report setting. In ordeadtivate the CSI report, the base
station apparatus 3 activates the CSI report inMA& layer for the terminal apparatus 1,
and the information to be activated may be includethe MAC control element or MAC
protocol data unit. The terminal apparatus 3 penfothe reception in the MAC layer, and
report of the CSI based on the CSI report settiagts from T (ms) later. In addition, in a
case of deactivating the CSI report, it may berunsted by the MAC layer. In addition,
before the deactivation, the CSI may be allowetdaeported based on the CSI report
setting for a predetermined or a pre-set lengttiroé after the activation of the CSI
report. Note that the time T described above mainbrided in the CSI report setting or
may be predefined. In addition, in a case wheretithe to deactivation in the MAC layer
is preset, the setting may be included in the @pbrt setting.

[0102]

At this time, one or more indices of CSI reporttset associated with the CSI
report to be activated may be included as the MAyet information for activating and/or
deactivating the CSI report.

[0103]

An index or indices of one or more CSI measuremerdy be included as the
MAC layer information for activating and/or deadating the CSI report. For example, in
a case where one or more CSI measurement settiegsiggered by the MAC layers,
which one of the CSI measurement settings to bivaetd may be indicated by a bitmap,
or may be collectively encoded. The bit in eachdfieorresponds to an index for each CSI
report, and the CSI report corresponding to thiffer which one is set is activated. In
addition, the CSI report corresponding to the fitlddwhich zero is set is deactivated.
[0104]

In a case that the transmission method in the €Bbnt setting is a
‘semi-persistent’ method, the terminal apparatusdy be triggered, by the DCI, to report
the CSI. At this time, in a subframe that is latfesin the one indicated by the DCI, CSI
may be reported based on the CSI report setting.t€minal apparatus 1 may be
instructed to terminate the report of the CSI bg ICI. In addition, the DCI may include
an index of one or more CSI measurements set b 8lemeasurement setting.

[0105]

In a case that the transmission method in the @bt setting is a ‘aperiodic’, the
terminal apparatus 1 may report, by the DCI, thguest for CSI. At this time, the CSI
may be reported one or multiple times based onr€fort setting in the PUSCH or
PUCCH resource for the CSI report in the subfransructed by the DCI or the in the
PUSCH or PUCCH resource of the subframe after tis¢ériicted subframe. In addition,
the DCI may include an index of one or more set @8hsurements. In addition, as
information included in the DCI, which one of th&measurement settings to be
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associated with the triggering may be indicatedakhitmap, or may be collectively
encoded. This makes it possible to efficiently perf the CSI measurement and the CSI
reporting.

[0106]

An exemplar relationship with the CSI process wibw be described. One or more
CSI processes may be set for the terminal appafatiigpically, in a case of coordinated
communication (Coordinated Multi-Point: CoMP) amamgltiple base station
apparatuses 3, the CSI processing ID may be used &entity for CSI measurement and
CSlI reporting for a radio link with each of the mlity of base station apparatuses 3.
However, the present invention is not limited t@atinated communication with the
plurality of base station apparatuses 3.

[0107]

One CSI process may be associated with one CSlunea&nt setting. A plurality
of CSI measurement settings may also be assocwitadone CSI process. The CSI-RS
resource setting and the CSI process may also smceded with each other. The IM
setting and the CSI process may also be assocwatadeach other. Alternatively, the
“CSI measurement setting” may be referred to as'@®l process”.

[0108]

In the following, a specific example of the abowsdription is provided. Suppose
a case where three CSI report settings (CSI regaitings C1, C2, and C3) are set as the
CSl report setting, and two RS settings (RS sestiR@ and R2) are set. Here, the CSI
report settings C1, C2, and C3, and the RS settiRigand R2 are set as described below.

- CSl report setting C1:

- Operation in the time direction: semi-persistent
- Granularity in the frequency domain: wide band
- CSl type: CQI

- CSl report setting C2:

- Operation in the time direction: aperiodic
- Granularity in the frequency domain: wide band
- CSl type: RI, CQI
- CSl report setting C3:
- Operation in the time direction: aperiodic
- Frequency domain granularity: sub-band (4 reseurocks)
- CSl type: RI, CQI, PMI, and CRI
[0109]

- RS setting R1:

- Operation in the time direction: semi-persistent
- Resource: CSI-RS setting #1
- Reference signal type: CSI-RS
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- RS setting R2:

- Operation in the time direction: aperiodic
- Resource: CSI-RS setting #2
- Reference signal type: CSI-RS

[0110]

Here, three CSI measurement settings (M1, M2, aB) &e set, and each CSI
measurement setting includes the CSI report settiig RS setting, and the reference
transmission mode listed below.

[0111]
- CSI measurement setting M1:
- CSl report setting C1
- RS setting R1
- Reference transmission mode: transmission ditgersi
- CSI measurement setting M2:
- CSl report setting C2
- RS setting R1
- Reference transmission mode: open-loop MIMO
- CSI measurement setting M3:
- CSl report setting C3
- RS setting R2
- Reference transmission mode: closed-loop MIMO
[0112]

Here, in a case where the CSI report corresponttirte CSI measurement
settings M1 and M2 is performed, the base statjgpaaatus 3 requests the CSI
measurements and CSI reports corresponding to 8lan@asurement settings M1 and
M2 by use of the MAC CE or the MAC PDU of the MA&yker or by use of the DCI in the
physical layer. In addition, the terminal apparatuserforms the CSI measurements
corresponding to the CSI measurement settings MILM®, and performs the CSI
reporting.

[0113]

For example, the RS setting R1 of the CSI measun¢mmetting M1 activates the
semi-persistent transmission in the MAC layer. Aisttime, the base station apparatus 3
includes an index associated with the settings Rila M1 in the information whose
activation is instructed. The terminal apparatugdognizes, based on the index, the time
and/or the frequency of the CSI-RS setting #1, andécognizes, based on the code
(orthogonal code, m series, cyclic shift, etc.p tBSI-RS resources. In addition, the
terminal apparatus 1 measures the CSI until thetdesion.

[0114]
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The base station apparatus 3 requests the repatitige CSI report setting C1 to
the terminal apparatus 1 in order to perform theé @8asurement and the CSI reporting
corresponding to the CSI measurement setting MtaBse in the time domain, the
operation of the CSI report setting C1 is semi-[zent, the CSI reporting is activated by
the MAC layer of the base station apparatus 3. tEnminal apparatus 1 reports the CSI
by use of the resources for CSI reporting until deactivation.

[0115]

At the time of the CSI reporting, the terminal apgtas 1 may report, along with
the CSI, the index associated with the CSI and@Bé measurement setting M1 and/or
CSI report setting C1. This index may be definesas of the CSI.

[0116]

Similarly, also for the CSI measurement setting & base station apparatus 3
may activate the reference signal for the RS sgtRd to perform CSI measurements. To
the CSI report, the CSI report setting C2 is redatst this time, because the time
direction operation of the CSI report setting Caperiodic, the CSI report by means of
the DCI is requested and the terminal apparatwepbnts the CSI with the resource for the
CSl reporting in a case where the terminal apparatveceives, from the base station
apparatus 3, the request for the CSI report viax@¢. At this time, the resource for the
CSl reporting may be a PUSCH resource scheduletthédypase station apparatus 3.
[0117]

At the time of the CSI reporting, the terminal apptas 1 may report, along with
the CSI, the index associated with the CSI andG@Bé measurement setting M2 or CSI
report setting C2. This index may be defined as ainihe CSI.

[0118]

Note that, in a case where a plurality of CSI measient settings are set for the
terminal apparatus 1, one or more reference sigmals be activated and/or deactivated
with information supposed to instruct the activatiaf one reference signal that is based
on the RS setting to be activated and/or deactdvatehe MAC layer.

[0119]

Note that, in a case where a plurality of CSI measient settings are set for the
terminal apparatus 1, one or more CSI reports neagdiivated and/or deactivated with
information supposed to instruct the activatioroae CSI report that is based on the CSI
report setting to be activated and/or deactivatethe MAC layer.

[0120]

Note that in a case where a plurality of CSI meament settings are configured
for the terminal apparatus 1 and where a referesigr®al whose transmission is to be
triggered in the physical layer, the reference algrassociated with one or more RS
settings may be transmitted by one DCI.

[0121]
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Note that in a case where a plurality of CSI meamsent settings are configured
for the terminal apparatus 1 and where a CSI repbdse transmission is to be triggered
in the physical layer, CSl reports related to onenore CSI report settings may be
requested by one DCI.

[0122]

An Interference Measurement (IM) resource indicaessource for measuring
interference in the case of a downlink. To this ethé base station apparatus 3 sets one or
more IM settings for the terminal apparatus 1. Tifterference resource setting may
include the following settings:

- Operation in the time direction (transmission huoet)

- Reference signal type
[0123]

The operation in the time direction may indicateethod of transmitting reference
signals, such as an aperiodic method, a semi-gergisnethod, and a periodic method.
[0124]

The resource may indicate a resource element amtV@FDM symbol, which is
supposed to be a resource for interference measunteim time and/or frequency. In
addition, in the case of a semi-persistent or mhcidransmission, a period or a CSI-IM
transmission interval (e.g., in milliseconds, immhers of slots, in numbers of OFDM
symbols, or the like) may be indicated. Note thet €SI-IM resource may be indicated
by an index (or identity) in which such informatiemmapped.

[0125]

Note that in any of the periodic, the semi-persister the periodic method, the
period and the subframe offset and/or the sloteiftd the reference signal to be
potentially transmitted may be included in an itemthin the IM settings described above.
[0126]

The reference signal type may indicate, for exampleether a resource for
interference measurement other than CSI-IM (e.@RICI-RS resource) is to be used as a
reference signal for CSI measurement. Needlesaypis a case where the CSI-IM is the
only resource that can be used as a resource ferfémence measurement, this setting
does not have to be included.

[0127]

The IM Settings may be included in the RS settinmysnay be defined separately
from the RS settings. The interference resourcengeimay be included in the CSI
measurement setting as described below:

- One CSl report setting (one setting or an indekdating that one setting among
one or more CSI reporting settings);

- One RS setting (one setting or an index indigatimat one setting among one or
more RS settings); and
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- One IM setting (one setting or an index indicgtihat one setting among one or
more IM settings); and

- Reference transmission mode.

[0128]

In this case, the activation of the reception & tbference signal based on the RS
setting and/or the activation of the interferenesaurce based on the IM setting may be
performed in different subframes or slots, or mayperformed in the same subframe or
slot in one piece of information.

[0129]

The CSI report setting and the RS setting may bensdthe RRC (higher layer), or
may be defined in advance in the specifications.
[0130]

In addition to the examples described above, furth@mples will be described
below.
[0131]

Now suppose that two CSI report settings C1 anca@® one RS setting R1 are set
and are associated with the CSI measurement sethitigand M2. A combination of the
settings C1 and R1 is associated with the CSI mreasent setting M1, and a combination
of the settings C2 and R1 is associated with ther@&surement setting M2.

[0132]

In a case where the reference signal for the RtthgeR1 is activated in the
subframe n, the terminal apparatus 1 recognizesedan the RS setting R1, that the
reference signal has been transmitted. At this tithe CSI report has not yet been
activated or triggered by the CSI report settingalcase where the CSI report setting C1
is triggered by the DCI in the subframe n+X (X ip@sitive integer equal to or greater
than zero), the CSI measurement and the CSI reygpdie performed based on the CSI
measurement setting M1 and the CSI report settibdp¥estimating the CSI
measurement setting M1 from the combination of R&setting R1 and the CSI report
setting C1. In this case, activation of the CSI meament does not have to be defined.
[0133]

In this manner, the terminal apparatus 1 may perftire channel measurement and
the CSI reporting based on the channel measuressttings associated with the case
where the reference signal associated with the ®fing is activated and triggered and
where in addition, the CSI setting is activatedraggered.

[0134]

As another example, in a case where the CSI reppassociated with the CSI
report setting M1 is activated in the subframehe terminal apparatus 1 recognizes that
the CSI report can be performed based on the Q®Irtesetting C1. At this time, the RS
has not yet been activated or triggered by the &8ng). In a case where the reference

25



signal associated with the RS setting R1 is actidan the subframe n+X (X is a positive
integer equal to or greater than zero), the CSlsueament and the CSI reporting are
performed based on the CSI measurement settingridltlee CSI report setting C1 by
estimating the CSI measurement setting M1 fromdbmbination of the RS setting R1
and the CSI report setting C1. In this case, atiovaof the CSI measurement does not
have to be defined.

[0135]

In this manner, the terminal apparatus 1 may perftire channel measurement and
the CSI reporting based on the channel measuressttings associated with the case
where the reference signal associated with thed&tihg is activated and triggered and
where in addition, the CSI setting is activatedraggered.

[0136]

As another example, in a case where the CSI rappeassociated with the CSI
report setting M1 is activated in the subframehg terminal apparatus 1 recognizes that
the CSI measurement can be performed based onShen€asurement setting M1. At this
time, a reference signal based on the CSI repatingeC1 and the RS setting R1, both of
which are associated with the CSI measurementngeMil, is activated. The terminal
apparatus 1 performs the CSI measurement and thee@8rting based on these settings.
In this case, neither the activation of the refemenignal based on the RS setting R1 nor
the activation of the CSI report based on the @&pbrt setting C1 has to be defined.
[0137]

In this example, suppose a case where the operafithe RS setting R1 in the
time domain is the ‘semi-persistent’, and where @& report setting is ‘aperiodic’. In
this case, a method may be applied where a refersignal based on the RS setting R1 is
activated when the CSI measurement based on than@8surement setting M1 is
activated, and where the terminal apparatus 1 vesea trigger requesting the CSI
reporting by DCI while the CSI measurement is beacgvated.

[0138]

One aspect of the present embodiment may be opkenatearrier aggregation or
dual connectivity with Radio Access TechnologiefATlR such as LTE and LTE-A/LTE-A
Pro. At this time, the aspect of the present eminedit may be used in some or all cells or
cell groups, carriers or carrier groups (e.g., RmynCell (PCell), Secondary Cell (SCell),
Primary Secondary Cell (PSCell), Master Cell GrdMELG), Secondary Cell Group
(SCG), etc.). In addition, the aspect of the présenbodiment may be used in a
stand-alone manner by being operated singularly.

[0139]

Configurations of apparatuses according to thegmreembodiment will be

described below. The example described below iedas a case where CP-OFDM is
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used as a downlink radio transmission scheme an®EFS-OFDM (SC-FDM) is used as
an uplink radio transmission scheme.
[0140]

FIG. 6 is a schematic block diagram illustratinganfiguration of the terminal
apparatus 1 according to the present embodimenillustrated in FIG. 9, the terminal
apparatus 1 is configured to include a higher lgy®cessing unit 101, a control unit 103,
a reception unit 105, a transmission unit 107, arichnsmit and/or receive antenna 109.
Furthermore, the higher layer processing unit 10tadnfigured to include a radio
resource control unit 1011, a scheduling informatioterpretation unit 1013, and a
Channel State Information (CSI) report control ut@tl5. Furthermore, the reception unit
105 is configured to include a decoding unit 108 Hemodulation unit 1053, a
demultiplexing unit 1055, a radio reception unit¥Q and a measurement unit 1059. The
transmission unit 107 is configured to include aiog unit 1071, a modulation unit 1073,
a multiplexing unit 1075, a radio transmission uk77, and an uplink reference signal
generation unit 1079.

[0141]

The higher layer processing unit 101 outputs thienkpdata (the transport block)
generated by a user operation or the like, to thesmission unit 107. In addition, the
higher layer processing unit 101 performs procegsihthe Medium Access Control
(MAC) layer, the Packet Data Convergence ProtoP&ICP) layer, the Radio Link
Control (RLC) layer, and the Radio Resource ContRIRRC) layer.

[0142]

The radio resource control unit 1011 included ie thgher layer processing unit
101 manages various pieces of configuration infdaromaof the terminal apparatus 1
itself. Furthermore, the radio resource controltdill generates information to be
mapped to each uplink channel, and outputs thergée@ information to the transmission
unit 107.

[0143]

The scheduling information interpretation unit 1Gfh8luded in the higher layer
processing unit 101 interprets the DCI (schedulinfgrmation) received through the
reception unit 105. Based on the result of intetipgethe DCI, the scheduling information
interpretation unit 1013 generates control inforim@tfor control of the reception unit 105
and the transmission unit 107, and outputs the igg¢ad control information to the
control unit 103.

[0144]

The CSI report control unit 1015 instructs the meament unit 1059 to derive
Channel State Information (RI/PMI/CQI/CRI) relatibg the CSI reference resource. The
CSI report control unit 1015 instructs the transsios unit 107 to transmit
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RI/PMI/CQI/CRI. The CSI report control unit 1015tse configuration that is used when
the measurement unit 1059 calculates CQI.
[0145]

Based on the control information originating frohethigher layer processing unit
101, the control unit 103 generates a control difmacontrol of the reception unit 105
and the transmission unit 107. The control unit b@8outs the generated control signal to
the reception unit 105 and the transmission unit idcontrol the reception unit 105 and
the transmission unit 107.

[0146]

In accordance with the control signal input frone #tontrol unit 103, the reception
unit 105 demultiplexes, demodulates, and decodeseption signal received from the
base station apparatus 3 through the transmit amdt®ive antenna 109, and outputs the
resulting, decoded information to the higher lagescessing unit 101.

[0147]

The radio reception unit 1057 converts (down-coitsjea downlink signal received
through the transmit and/or receive antenna 108 ansignal of an intermediate
frequency, removes unnecessary frequency componeosrols an amplification level in
such a manner as to suitably maintain a signall)gesforms orthogonal demodulation
on the basis of an in-phase component and an ootiedgcomponent of the received
signal, and converts the resulting orthogonally-ddmated analog signal into a digital
signal. The radio reception unit 1057 removes diporcorresponding to a Guard Interval
(GI) from the digital signal resulting from the ocgarsion, performs Fast Fourier
Transform (FFT) on the signal from which the Guérterval has been removed, and
extracts a signal in the frequency domain.

[0148]

The demultiplexing unit 1055 demultiplexes the exted signal into a downlink
PCCH and a downlink PSCH as well as into a downtieflerence signal. Furthermore, the
demultiplexing unit 1055 makes a compensation @fretels of PCCH and PSCH based on
the channel estimate input from the measuremerit10§9. Furthermore, the
demultiplexing unit 1055 outputs the downlink refece signal resulting from the
demultiplexing, to the measurement unit 1059.

[0149]

The demodulation unit 1053 demodulates the downRQCH, and outputs the
resultant PCCH to the decoding unit 1051. The deapdnit 1051 attempts to decode the
PCCH. In a case of succeeding in the decodingdgwmding unit 1051 outputs, to the
higher layer processing unit 101, the resultantoded downlink control information and
an RNTI to which the downlink control informatiommesponds.

[0150]
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The demodulation unit 1053 demodulates the PSCébmpliance with a
modulation scheme notified of with the downlink grasuch as Quadrature Phase Shift
Keying (QPSK), 16 Quadrature Amplitude ModulatidpAM), 64 QAM, and 256 QAM.
The demodulation unit 1053 then outputs the restltdemodulated PSCH to the
decoding unit 1051. The decoding unit 1051 decddesdata in accordance with
information on a transmission or coding rate netifiof with the downlink control
information, and outputs, to the higher layer pissiag unit 101, the resultant, decoded
downlink data (the transport block).

[0151]

The measurement unit 1059 performs downlink pa#is lmeasurement, channel
measurement, and/or interference measurement fnenddwnlink reference signal input
from the demultiplexing unit 1055. The measuremamt 1059 outputs, to the higher
layer processing unit 101, the measurement result@SI calculated based on the
measurement result. Furthermore, the measuremeénl@s9 calculates a downlink
channel estimate from the downlink reference sigmad outputs the calculated downlink
channel estimate to the demultiplexing unit 1055.

[0152]

The transmission unit 107 generates the uplinkreafee signal in accordance with
the control signal input from the control unit 1&ydes and modulates the uplink data
(the transport block) input from the higher layeogessing unit 101; multiplexes
PUCCH, PUSCH, and the generated uplink referengeasj and transmits a result of the
multiplexing to the base station apparatus 3 thhotige transmit and/or receive antenna
1009.

[0153]

The coding unit 1071 performs coding on the Upl®dntrol Information and the
uplink data input from the higher layer processumgt 101. The modulation unit 1073
modulates the coded bits input from the coding @1, in compliance with the
modulation scheme such as BPSK, QPSK, 16 QAM, 6MQand 256 QAM.

[0154]

The uplink reference signal generation unit 1078egates a sequence acquired
according to a rule (formula) prescribed in advarzaesed on a physical cell identifier
(also referred to as a Physical Cell Identity (R@lxell ID, or the like) for identifying the
base station apparatus 3, a bandwidth to whictugiimk reference signal is mapped, a
cyclic shift notified with the uplink grant, a pan@ter value for generation of a DMRS
sequence, and the like.

[0155]

On the basis of the information used for the schieaduf PUSCH, the
multiplexing unit 1075 determines the number of RbSlayers to be spatial-multiplexed,
maps multiple pieces of uplink data to be transaditbn the same PUSCH to multiple
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layers through Multiple Input Multiple Output SpaltiMultiplexing (MIMO SM), and
performs precoding on the layers.
[0156]

In accordance with the control signal input frone ttontrol unit 103, the
multiplexing unit 1075 performs Discrete Fourieamsform (DFT) on modulation
symbols of PSCH. Furthermore, the multiplexing ki 5 multiplexes PCCH and PSCH
signals and the generated uplink reference sigmaééch transmit antenna port. To be
more specific, the multiplexing unit 1075 maps #@CH and PSCH signals and the
generated uplink reference signal to the resoutements for each transmit antenna port.
[0157]

The radio transmission unit 1077 performs InverastA-ourier Transform (IFFT)
on a signal resulting from the multiplexing, perfte modulation in compliance with an
SC-FDM scheme, attaches the Guard Interval to bd&BM-modulated SC-FDM
symbol, generates a baseband digital signal, casvibe baseband digital signal into an
analog signal, generates an in-phase componena@midthogonal component of an
intermediate frequency from the analog signal, reesofrequency components
unnecessary for the intermediate frequency bandyexs (up-converts) the signal of the
intermediate frequency into a signal of a high frency, removes unnecessary frequency
components, performs power amplification, and otgufinal result to the transmit
and/or receive antenna 109 for transmission.

[0158]

FIG. 7 is a schematic block diagram illustratingamfiguration of the base station
apparatus 3 according to the present embodimenillusirated in FIG. 7, the base station
apparatus 3 includes a higher layer processing301t a control unit 303, a reception
unit 305, a transmission unit 307, and a transmd/ar receive antenna 309. The higher
layer processing unit 301 is configured to incladeadio resource control unit 3011, a
scheduling unit 3013, and a CSI report control B@i1L5. The reception unit 305 is
configured to include a decoding unit 3051, a dewiaton unit 3053, a demultiplexing
unit 3055, a radio reception unit 3057, and a mezrsent unit 3059. The transmission
unit 307 is configured to include a coding unit 30@ modulation unit 3073, a
multiplexing unit 3075, a radio transmission un73, and a downlink reference signal
generation unit 3079.

[0159]

In addition, the higher layer processing unit 3@tfprms processing of the
Medium Access Control (MAC) layer, the Packet D&@nvergence Protocol (PDCP)
layer, the Radio Link Control (RLC) layer, and tRadio Resource Control (RRC) layer.
Furthermore, the higher layer processing unit 38thegates control information for
control of the reception unit 305 and the transiissunit 307, and outputs the generated
control information to the control unit 303.
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[0160]

The radio resource control unit 3011 included ie thgher layer processing unit
301 generates, or acquires from a higher nodedtiwenlink data (the transport block)
mapped to the downlink PSCH, system informatioe, RRC message, the MAC Control
Element (CE), and the like, and outputs a resuthefgeneration or the acquirement to
the transmission unit 307. Furthermore, the radsource control unit 3011 manages
various configuration information for each of thegrhinal apparatuses 1.

[0161]

The scheduling unit 3013 included in the higherelagrocessing unit 301
determines a frequency and a subframe to whictpttysical channels (PSCHSs) are
allocated, the transmission coding rate and modaiagcheme for the physical channels
(PSCHSs), the transmit power, and the like, from theeived CSI and from the channel
estimate, channel quality, or the like input frone tmeasurement unit 3059. The
scheduling unit 3013 generates the control inforaratn order to control the reception
unit 305 and the transmission unit 307 in accor@anih a result of the scheduling, and
outputs the generated information to the contrat 883. The scheduling unit 3013
generates the information (e.g., the DCI (form#&d)pe used for the scheduling of the
physical channels (PSCHSs), based on the resuhefttheduling.

[0162]

The CSI report control unit 3015 included in thgtner layer processing unit 301
controls a CSI report that is made by the termaggaratus 1. The CSI report control unit
3015 transmits information that is assumed in ofdertthe terminal apparatus 1 to derive
RI/PMI/CQI in the CSI reference resource and thadves various configurations, to the
terminal apparatus 1 through the transmission 8@1n.

[0163]

On the basis of the control information originatifngm the higher layer
processing unit 301, the control unit 303 generatesntrol signal for controlling the
reception unit 305 and the transmission unit 307e Tontrol unit 303 outputs the
generated control signal to the reception unit @88 the transmission unit 307 to control
the reception unit 305 and the transmission unit.30
[0164]

In accordance with the control signal input frone ttontrol unit 303, the reception
unit 305 demultiplexes, demodulates, and decodesdbeption signal received from the
terminal apparatus 1 through the transmit and/oeinee antenna 309, and outputs
information resulting from the decoding to the heghiayer processing unit 301. The radio
reception unit 3057 converts (down-converts) aninkpsignal received through the
transmit and/or receive antenna 309 into a sighanointermediate frequency, removes
unnecessary frequency components, controls theifiogtion level in such a manner as
to suitably maintain a signal level, performs odboal demodulation based on an
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in-phase component and an orthogonal componertteofdceived signal, and converts the
resulting orthogonally-demodulated analog signab ia digital signal.
[0165]

The radio reception unit 3057 removes a portiorregponding to the Guard
Interval (GIl) from the digital signal resulting frothe conversion. The radio reception
unit 3057 performs Fast Fourier Transform (FFT)tlba signal from which the Guard
Interval has been removed, extracts a signal infitbguency domain, and outputs the
resulting signal to the demultiplexing unit 3055.

[0166]

The demultiplexing unit 1055 demultiplexes the sigmput from the radio
reception unit 3057 into PCCH, PSCH, and the signa@h as the uplink reference signal.
The demultiplexing is performed based on radio vese allocation information that is
determined in advance by the base station appaBaussng the radio resource control
unit 3011 and that is included in the uplink granotified to each of the terminal
apparatuses 1. Furthermore, the demultiplexing 8085 makes a compensation of
channels including PCCH and PSCH from the chansgiate input from the
measurement unit 3059. Furthermore, the demultippxinit 3055 outputs an uplink
reference signal resulting from the demultiplexibgthe measurement unit 3059.

[0167]

The demodulation unit 3053 performs Inverse Diserieburier Transform (IDFT)
on PSCH, acquires modulation symbols, and perfaeusption signal demodulation, that
is, demodulates each of the modulation symbols @&# and PSCH, in compliance with
the modulation scheme prescribed in advance, sa®irsary Phase Shift Keying (BPSK),
QPSK, 16 QAM, 64 QAM, and 256 QAM, or in complianeé&h the modulation scheme
that the base station apparatus 3 itself notifireadvance each of the terminal apparatuses
1 with the uplink grant. The demodulation unit 30&8multiplexes the modulation
symbols of multiple pieces of uplink data transentton the same PSCH with the MIMO
SM, based on the number of spatial-multiplexed seges notified in advance with the
uplink grant to each of the terminal apparatusesd information designating the
precoding to be performed on the sequences.

[0168]

The decoding unit 3051 decodes the coded bits @@l ?@nd PSCH, which have
been demodulated, at the coding rate in compliavitle a coding scheme prescribed in
advance, the transmission or original coding ram@ prescribed in advance or being
notified of in advance with the uplink grant to ttegminal apparatus 1 by the base station
apparatus 3 itself, and outputs the decoded uplatle and uplink control information to
the higher layer processing unit 101. In a casere/iiee PSCH is re-transmitted, the
decoding unit 3051 performs the decoding with thdexd bits input from the higher layer
processing unit 301 and retained in an HARQ bufé&id the demodulated coded bits. The
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measurement unit 309 measures the channel estith@tehannel quality, and the like,
based on the uplink reference signal input fromdeeultiplexing unit 3055, and outputs
a result of the measurement to the demultiplexing 8055 and the higher layer
processing unit 301.

[0169]

The transmission unit 307 generates the downlifi&re:nce signal in accordance
with the control signal input from the control uBi®3; codes and modulates the Downlink
Control Information, and the downlink data that arput from the higher layer
processing unit 301; multiplexes PCCH, PSCH, areddbwnlink reference signal; and
transmits a result of the multiplexing to the temali apparatus 1 through the transmit
and/or receive antenna 309.

[0170]

The coding unit 3071 performs coding on the Dowkl@ontrol Information and
the downlink data input from the higher layer prssi@g unit 301. The modulation unit
3073 modulates the coded bits input from the codinig 3071, in compliance with the
modulation scheme such as BPSK, QPSK, 16 QAM, 64Qand 256 QAM.

[0171]

The downlink reference signal generation unit 3gé@erates, as the downlink
reference signal, a sequence that is already krtowhe terminal apparatus 1 and that is
acquired in accordance with a rule prescribed ivaade based on the physical cell
identity (PCI) for identifying the base station apatus 3, or the like.

[0172]

The multiplexing unit 3075, in accordance with thember of PSCH layers to be
spatial-multiplexed, maps one or multiple pieceslofvnlink data to be transmitted on
one PSCH to one or multiple layers, and performecpding on the one or multiple layers.
The multiplexing unit 375 multiplexes the downlipkysical channel signal and the
downlink reference signal for each transmit antepog. Furthermore, the multiplexing
unit 375 allocates the downlink physical channghsil and the downlink reference signal
to the resource element for each transmit anteong p
[0173]

The radio transmission unit 3077 performs InverastA~ourier Transform (IFFT)
on the modulation symbol resulting from the muléiping or the like, performs the
modulation in compliance with an OFDM scheme toeyate an OFDM symbol, attaches
the Guard Interval to the OFDM-modulated OFDM symlgenerates a digital signal in a
baseband, converts the digital signal in the basélato an analog signal, generates an
in-phase component and an orthogonal component afitarmediate frequency from the
analog signal, removes frequency components unsacgs$or the intermediate frequency
band, converts (up-converts) the signal of thermediate frequency into a signal of a
high frequency signal, removes unnecessary frequeamponents, performs power
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amplification, and outputs a final result to thartsmit and/or receive antenna 309 for
transmission.
[0174]

(1) More specifically, the terminal apparatus 1@ckng to a first aspect of the
present invention is a terminal apparatus configutecommunicate with a base station
apparatus. The terminal apparatus includes: a terepnit configured to: receive first
information containing one or more first settingsceive second information containing
one or more second settings, receive third inforomatontaining one or more third
settings, and receive fourth information; a charstate measurement unit configured to
measure channel state information; and a transaomssnit configured to report the
channel state information. In the terminal appasathe first setting(s) is a setting for one
or more reports of the channel state informatioactEof the setting(s) for one or more
reports includes one first index. The second sg(shis a setting concerning one or more
reference signals to be used for measurement oflihanel state information. Each of the
setting(s) concerning the one or more referenceadgyincludes one second index. The
third setting(s) includes one index of the firstiéx (indices), one index of the second
index (indices), and one third index. The fourtformation includes information
allowing one or more of the second settings todentified based on one or more of the
second indices, and includes information allowimg @r more reference signals to be
activated based on the identified one or more sés@itings. The reception unit receives
the one or more reference signals activated basdati@identified one or more second
settings.

[0175]

(2) In the above-described first aspect, the rdoeptnit may be configured to
further receive: fifth information including one arore fourth settings; and sixth
information. The fourth setting(s) may be a settaogcerning one or more interference
measurement resources to be used for measuremémt channel state information. Each
of the settings concerning the one or more interiee measurement resources may
include one fourth index. The third configuratiomynfurther include an index of one of
the fourth indices.

[0176]

(3) A base station apparatus 3 according to a sfaspect of the present invention
is a base station apparatus configured to commtmivéh a terminal apparatus. The base
station apparatus includes: a transmission unifiganred to: transmit first information
containing one or more first settings, transmit@®tinformation containing one or more
second settings, transmit third information conitagnone or more third settings, and
transmit fourth information; and a reception urenéigured to receive channel state
information. In the base station apparatus, th&t 8etting(s) is a setting for one or more
reports of the channel state information. Eachhef $etting(s) for one or more reports
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includes one first index. The second setting(s) &etting concerning one or more
reference signals to be used for measurement oflihanel state information. Each of the
setting(s) concerning the one or more referenceadgincludes one second index. The
third setting(s) includes one index of the firsdéx (indices), one index of the second
index (indices), and one third index. The fourthormation includes information

allowing one or more of the second settings todentified based on one or more of the
second indices, and includes information allowimg @r more reference signals to be
activated based on the identified one or more se@s®itings. The transmission unit
transmits the one or more reference signals ad@d/aased on the identified one or more
second settings.

[0177]

(4) In the above-described second aspect, thertresson unit may be configured
to further transmit: fifth information including enor more fourth settings; and sixth
information. The fourth setting(s) may be a settoogicerning one or more interference
measurement resources to be used for measuremémt channel state information. Each
of the settings concerning the one or more interiee measurement resources may
include one fourth index. The third configuratiormynfurther include an index of one of
the fourth indices.

[0178]

(5) A communication method according to a thirdexgf the present invention is a
communication method for allowing a terminal appasato communicate with a base
station apparatus. The communication method indutie steps of: receiving first
information containing one or more first settingsceiving second information
containing one or more second settings; receivingltinformation containing one or
more third settings; receiving fourth informatianpasuring channel state information;
and reporting the channel state information. In¢benmunication method, the first
setting(s) is a setting for one or more reportshef channel state information. Each of the
setting(s) for one or more reports includes onstfindex. The second setting(s) is a
setting concerning one or more reference signalsetased for measurement of the
channel state information. Each of the setting()oerning the one or more reference
signals includes one second index. The third sgtshincludes: an index indicating one
setting of the one or more first settings; and eaeond index. The fourth information
includes information allowing one or more of thesed settings to be identified based on
one or more of the second indices, and includesrimétion allowing one or more
reference signals to be activated based on theiftexhone or more second settings. In
addition, the one or more reference signals aatiddtased on the identified one or more
second settings are received.

[0179]
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(6) A communication method according to a fourtpexg of the present invention
is a communication method for allowing a base staipparatus to communicate with a
terminal apparatus. The communication method inetuthe steps of: transmitting first
information containing one or more first settinggnsmitting second information
containing one or more second settings; transngttimrd information containing one or
more third settings; transmitting fourth informaticand receiving channel state
information. In the communication method, the figstting(s) is a setting for one or more
reports of the channel state information. Eachhef setting(s) for one or more reports
includes one first index. The second setting(s) &etting concerning one or more
reference signals to be used for measurement oflihanel state information. Each of the
setting(s) concerning the one or more referenceadgincludes one second index. The
third setting(s) includes one index of the firsdéx (indices), one index of the second
index (indices), and one third index. The fourtformation includes information
allowing one or more of the second settings todentified based on one or more of the
second indices, and includes information allowimg @r more reference signals to be
activated based on the identified one or more se@®mitings. In addition, the one or more
reference signals activated based on the identdieal or more second settings are
transmitted.

[0180]

(7) An integrated circuit according to a fifth aspef the present invention is an
integrated circuit mounted in a terminal apparatasfigured to communicate with a base
station apparatus. The integrated circuit includeseceiver configured to: receive first
information containing one or more first settingsceive second information containing
one or more second settings, receive third inforomatontaining one or more third
settings, and receive fourth information; a charstate measurer configured to measure
channel state information; and a transmitter canfégl to report the channel state
information. In the integrated circuit, the firsgting(s) is a setting for one or more
reports of the channel state information. Eachhef setting(s) for one or more reports
includes one first index. The second setting(s) &etting concerning one or more
reference signals to be used for measurement oflihanel state information. Each of the
setting(s) concerning the one or more referenceadgyincludes one second index. The
third setting(s) includes one index of the firsdéx (indices), one index of the second
index (indices), and one third index. The fourtformation includes information
allowing one or more of the second settings todentified based on one or more of the
second indices, and includes information allowimg @r more reference signals to be
activated based on the identified one or more sésmttings. The receiver receives the
one or more reference signals activated based emndéntified one or more second
settings.

[0181]
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(8) An integrated circuit according to a sixth asipef the present invention is an
integrated circuit mounted in a base station app@raonfigured to communicate with a
terminal apparatus. The integrated circuit includesransmitter configured to: transmit
first information containing one or more first sags, transmit second information
containing one or more second settings, transnmd imformation containing one or more
third settings, and transmit fourth information;daa receiver configured to receive
channel state information. In the integrated citcthe first setting(s) is a setting for one
or more reports of the channel state informatioacteof the setting(s) for one or more
reports includes one first index. The second sg(shis a setting concerning one or more
reference signals to be used for measurement oflihanel state information. Each of the
setting(s) concerning the one or more referenceadincludes one second index. The
third setting(s) includes one index of the firsdéx (indices), one index of the second
index (indices), and one third index. The fourthormation includes information
allowing one or more of the second settings todentified based on one or more of the
second indices, and includes information allowimg @r more reference signals to be
activated based on the identified one or more sés@itings. The transmitter transmits
the one or more reference signals activated basdatie@identified one or more second
settings.

[0182]

(A1) A terminal apparatus according to one aspé¢he present invention is a
terminal apparatus configured to communicate withaae station apparatus. The terminal
apparatus includes: a reception unit configuredegeive first information containing
one or more first settings, receive second inforaratontaining one or more second
settings, receive third information containing aremore third settings, and receive
fourth information; a channel state measurement configured to measure channel state
information; and a transmission unit configuredéport the channel state information
based on measured interference. In the terminahigbps, the first setting(s) is a setting
for one or more reports of the channel state inftion. Each of the first setting(s)
includes one first index. The second setting(s) &etting concerning one or more
reference signals to be used for measurement oiiitkeeference. Each of the second
setting(s) includes one second index. The thirdirsgfs) includes one index of the first
index (indices), one index of the second index i@ed), and one third index. The fourth
information contains information indicating onerapre of the third indices.

[0183]

(A2) A base station apparatus according to one @spiethe present invention is a
base station apparatus configured to communicatie avsterminal apparatus. The base
station apparatus includes: a transmission unifiganed to: transmit first information
containing one or more first settings, transmit@®tinformation containing one or more
second settings, transmit third information conitagnone or more third settings, and
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transmit fourth information; and a reception unihfigured to receive channel state
information. In the base station apparatus, th&t 8etting(s) is a setting for one or more
reports of the channel state information. Eachhef first setting(s) includes one first
index. The second setting(s) is a setting conceroime or more reference signals to be
used for measurement of the interference. Each@ftecond setting(s) includes one
second index. The third setting(s) includes onesindf the first index (indices), one
index of the second index (indices), and one timdex. The fourth information contains
information indicating one or more of the third ioes.

[0184]

(A3) A communication method according to one aspddhe present invention is a
communication method for allowing a terminal appasato communicate with a base
station apparatus. The communication method indutie steps of: receiving first
information containing one or more first settingsceiving second information
containing one or more second settings; receivingltinformation containing one or
more third settings; receiving fourth informatiangasuring channel state information;
and reporting the channel state information basedeasured interference. In the
communication method, the first setting(s) is aiagtfor one or more reports of the
channel state information. Each of the first sej{g) includes one first index. The second
setting(s) is a setting concerning one or morerefee signals to be used for
measurement of the channel state information. Eddhe second setting(s) includes one
second index. The third setting(s) includes oneeindf the first index (indices), one
index of the second index (indices), and one timakex. The fourth information contains
information indicating one or more of the third ioes.

[0185]

(A4) A communication method according to one aspddhe present invention is a
communication method for allowing a base statiopaaptus to communicate with a
terminal apparatus. The communication method inetuthe steps of: transmitting first
information containing one or more first settingsnsmitting second information
containing one or more second settings; transngttinrd information containing one or
more third settings; transmitting fourth informaticand receiving channel state
information. In the communication method, the figstting(s) is a setting for one or more
reports of the channel state information. Eachheffirst setting(s) includes one first
index. The second setting(s) is a setting conceroime or more reference signals to be
used for measurement of the interference. Each@®ftecond setting(s) includes one
second index. Each of the setting(s) concerningotiee or more reference signals includes
one second index. The third setting(s) includes iodex of the first index (indices), one
index of the second index (indices), and one timdex. The fourth information contains
information indicating one or more of the third ioés.

[0186]
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(A5) An integrated circuit according to one aspeftthe present invention is an
integrated circuit mounted in a terminal apparatosfigured to communicate with a base
station apparatus. The integrated circuit includeseceiver configured to: receive first
information containing one or more first settingsceive second information containing
one or more second settings, receive third inforomatontaining one or more third
settings, and receive fourth information; a charstate measurer configured to measure
channel state information; and a transmitter camfégl to report the channel state
information based on measured interference. Inrnbegrated circuit, the first setting(s) is
a setting for one or more reports of the channatlesinformation. Each of the first
setting(s) includes one first index. The secondisgfs) is a setting concerning one or
more reference signals to be used for measurenfaheahannel state information. Each
of the second setting(s) includes one second in@kg.third setting(s) includes one index
of the first index (indices), one index of the sedandex (indices), and one third index.
The fourth information contains information indioged one or more of the third indices.
[0187]

(A6) An integrated circuit according to one aspetthe present invention is an
integrated circuit mounted in a base station apparaonfigured to communicate with a
terminal apparatus. The integrated circuit includesransmitter configured to: transmit
first information containing one or more first sags, transmit second information
containing one or more second settings, transnnidl timformation containing one or more
third settings, and transmit fourth information;daa receiver configured to receive
channel state information. In the integrated citctlie first setting(s) is a setting for one
or more reports of the channel state informatioacteof the first setting(s) includes one
first index. The second setting(s) is a settinga=yning one or more reference signals to
be used for measurement of the interference. E&theosecond setting(s) includes one
second index. The third setting(s) includes onesindf the first index (indices), one
index of the second index (indices), and one timdex. The fourth information contains
information indicating one or more of the third ioes.

[0188]

A program running on an apparatus according toaspect of the present
invention may serve as a program that controls @ati@é Processing Unit (CPU) and the
like to cause a computer to operate in such a nraasi¢o realize the functions of the
embodiment according to one aspect of the presesmnition. Programs or the information
handled by the programs are temporarily stored wvolatile memory, such as a Random
Access Memory (RAM), in a non-volatile memory, suaha flash memory, in a Hard
Disk Drive (HDD), or in any of other storage appasasystems.

[0189]

Note that a program for realizing the functionstod embodiment according to one

aspect of the present invention may be recordealdomputer-readable recording
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medium. The functions may be realized by loadimgo ia computer system, a program
recorded on the recording medium, and then caufiagomputer system to execute the
loaded program. It is assumed that the "computetesy" refers to a computer system
built into the apparatuses, and the computer systefodes an operating system and
hardware components such as a peripheral deviaghdrmore, the “computer-readable
recording medium” may be any of a semiconductoordmg medium, an optical
recording medium, a magnetic recording medium, dioma configured to hold a program
dynamically for a short time, or other computerdahle recording media.

[0190]

Furthermore, each functional block or various chtesstics of the apparatuses
used in the above-described embodiment may be imghéed or performed on an electric
circuit, such as an integrated circuit or multipdéegrated circuits. An electric circuit
designed to perform the functions described inghesent specification may include a
general-purpose processor, a Digital Signal Praored3SP), an Application Specific
Integrated Circuit (ASIC), a Field Programmable &atray (FPGA), or other
programmable logic devices, discrete gates or tsémislogic, discrete hardware
components, or a combination thereof. The geneuap@se processor may be a
microprocessor. Alternatively, the processor mayl@ocessor of known type, a
controller, a micro-controller, or a state machifbe above-mentioned electric circuit
may include a digital circuit, or may include anmadoyg circuit. In addition, in a case where
with advances in semiconductor technology, a ciroutegration technology appears that
replaces the present integrated circuits, it i® algssible for one or more aspects of the
present invention to use a new integrated circagda on the advanced technology.
[0191]

Note that the invention of the present patent aion is not limited to the
above-described embodiments. In the embodimentar@ppses have been described as an
example, but the invention of the present applarais not limited to these apparatuses,
and is applicable to a terminal apparatus or a camaoation apparatus of a fixed-type or
a stationary-type electronic apparatus installetbors or outdoors, for example, an AV
apparatus, a kitchen apparatus, a cleaning or wgshiachine, an air-conditioning
apparatus, office equipment, a vending machine,ahdr household apparatuses.
[0192]

The embodiments of the present invention have loeesscribed in detail above
referring to the drawings, but the specific configion is not limited to the embodiments
and includes, for example, an amendment to a debiginfalls within the scope that does
not depart from the gist of the present inventibarthermore, various modifications can
be made to the aspect of the present inventioniwitie scope of the present invention
defined by claims, and embodiments that are madsulitgably combining technical means
disclosed according to the different embodimentsaso included in the technical scope
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of the present invention. Furthermore, a configiarain which constituent elements,
described in the respective embodiments and hawingially the same effects, are
substituted for one another is also included intg@hnical scope of the present invention.

Industrial Applicability
[0193]

One aspect of the present invention can be utilifedexample, in a
communication system, communication equipment €ample, a cellular phone
apparatus, a base station apparatus, a radio LAddragus, or a sensor device), an
integrated circuit (for example, a communicatiomp¢hor a program.

Reference Signs List
[0194]
1 (1A, 1B, 1C) Terminal apparatus
3 Base station apparatus
10 TXRU
11 Phase shifter
12 Antenna
101 Higher layer processing unit
103 Control unit
105 Reception unit
107 Transmission unit
109 Antenna
301 Higher layer processing unit
303 Control unit
305 Reception unit
307 Transmission unit
1013 Scheduling information interpretation unit
1015 Channel State Information report control unit
1051 Decoding unit
1053 Decoding unit
1055 Demultiplexing unit
1057 Radio reception unit
1059 Measurement unit
1071 Coding unit
1073 Modulation unit
1075 Multiplexing unit
1077 Radio transmission unit
1079 Uplink reference signal generation unit
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3011 Radio resource control unit

3013 Scheduling unit

3015 Channel State Information report control unit
3051 Decoding unit

3053 Decoding unit

3055 Demultiplexing unit

3057 Radio reception unit

3059 Measurement unit

3071 Coding unit

3073 Modulation unit

3075 Multiplexing unit

3077 Radio transmission unit

3079 Downlink reference signal generation unit
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Claims

[Claim 1]

A terminal apparatus for communicating with a batdion apparatus, the terminal
apparatus comprising:

a reception unit configured to:

receive first information including at least onestisetting,

receive second information including at least oeeosnd setting,

receive third information including at least onérdhsetting, and

receive fourth information;

a channel state measurement unit configured to areashannel state information;
and

a transmission unit configured to report the chdrst@&te information based on
interference that is measured,

wherein the at least one first setting compris@suaality of first settings for at
least one report of the channel state information,

each of the plurality of first settings includeseofirst index,

the at least one second setting comprises a plyralisecond settings concerning
at least one reference signal for measuring therfietence,

each of the plurality of second settings includas second index,

the at least one third setting includes one offthst indices, one of the second
indices, and one third index, and

the fourth information includes information for ilcdting at least one of the third
indices.

[Claim 2]

A base station apparatus for communicating witkrantnal apparatus, the base
station apparatus comprising:

a transmission unit configured to:

transmit first information including at least onest setting,

transmit second information including at least seeond setting,

transmit third information including at least orerd setting, and

transmit fourth information; and

a reception unit configured to receive channelestaformation;

wherein the at least one first setting compris@$uaality of first settings for at
least one report of the channel state information,

each of the plurality of first settings includeseotfirst index,

the at least one second setting comprises a plyralisecond settings concerning
at least one reference signal for measuring interfee,
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each of the plurality of second settings includas second index,

the at least one third setting includes one offtret indices, one of the second
indices, and one third index, and

the fourth information includes information for ikcdting at least one of the third
indices.

[Claim 3]

A communication method for a terminal apparatusdemmunicating with a base
station apparatus, the communication method cormyithe steps of:

receiving first information including at least ofiest setting;

receiving second information including at least ceeond setting;

receiving third information including at least otferd setting;

receiving fourth information;

measuring channel state information; and

reporting the channel state information based oarference that is measured,

wherein the at least one first setting compris@$uaality of first settings for at
least one report of the channel state information,

each of the plurality of first settings includeseofirst index,

the at least one second setting comprises a plyralisecond settings concerning
at least one reference signal for measuring themélastate information,

each of the plurality of second settings includae second index,

the at least one third setting includes one offthst indices, one of the second
indices, and one third index, and

the fourth information includes information for iicdting at least one of the third
indices.

[Claim 4]

A communication method for a base station apparfdusommunicating with a
terminal apparatus, the communication method cosipgithe steps of:

transmitting first information including at least@ first setting;

transmitting second information including at lease second setting;

transmitting third information including at least@third setting;

transmitting fourth information; and

receiving channel state information;

wherein the at least one first setting compris@$uaality of first settings for at
least one report of the channel state information,

each of the plurality of first settings includeseotfirst index,

the at least one second setting comprises a plyralisecond settings concerning
at least one reference signal for measuring interfee,
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each of the plurality of second settings includas second index,

each of the plurality of second settings concerrthgat least one reference signal
includes one second index,

the at least one third setting includes one offttet indices, one of the second
index indices, and one third index, and

the fourth information includes information for ikcdting at least one of the third
indices.

[Claim 5]

An integrated circuit mounted in a terminal appasator communicating with a
base station apparatus, the integrated circuit coimy:

a receiver configured to:

receive first information including at least onestisetting,

receive second information including at least oeeomnd setting,

receive third information including at least onérdhsetting, and

receive fourth information;

a channel state measurer configured to measurenehatate information; and

a transmitter configured to report the channelestatormation based on
interference that is measured,

wherein the at least one first setting compris@$uaality of first settings for at
least one report of the channel state information,

each of the plurality of first settings includeseofirst index,

the at least one second setting comprises a plyradisecond settings concerning
at least one reference signal for measuring themélastate information,

each of the plurality of second settings includas second index,

the at least one third setting includes one offtre¢ indices, one of the second
indices, and one third index, and

the fourth information includes information for ikcdting at least one of the third
indices.

[Claim 6]

An integrated circuit mounted in a base stationaappus for communicating with a
terminal apparatus, the integrated circuit compugsi

a transmitter configured to:

transmit first information including at least onest setting,

transmit second information including at least seeond setting,

transmit third information including at least orerd setting, and

transmit fourth information; and

a receiver configured to receive channel staterm&dion;
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wherein the at least one first setting compris@$uaality of first settings for at
least one report of the channel state information,

each of the plurality of first setting includes ofest index,

the at least one second settings) comprises alpgiucd second settings
concerning at least one reference signal for meagunterference,

each of the plurality of second settings includas second index,

the at least one third setting includes one offtre¢ indices, one of the second
indices, and one third index, and

the fourth information includes information for ikcdting at least one of the third
indices.
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