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TERMINAL APPARATUS, BASE STATION APPARATUS, AND COMUNICATION
METHOD

Technical Field
[0001]
The present invention relates to a terminal appai;sd base station apparatus, and
a communication method.
This application claims priority based on Japanatent Application No. 2016-
146043 filed on July 26, 2016, the contents of vahace incorporated herein by
reference.

Background Art
[0002]

At present, Long Term Evolution - Advanced Pro (LTE Pro), which is an
extended standard of Long Term Evolution (LTE), &elv Radio (NR) technology are
being considered and standardization is in progmeske Third Generation Partnership
Project (3GPP) as a radio access scheme and amatamrk technology in anticipation
of the fifth generation cellular system (NPL 1).

[0003]

In the fifth generation cellular system, three $eeg¢ including an enhanced
Mobile BroadBand (eMBB) for realizing high-speedddarge-capacity transmission, an
Ultra-Reliable and Low Latency Communication (URLLfor realizing low-delay and
high-reliability communication, and a massive MawhiType Communication (mMTC) to
which a large number of machine-type devices suchternet to Things (loT) are
connected, are required as an assumed scenargrts.

[0004]

With regards to NR, in order to widen the coveraggnly in high frequency cells
with high attenuation, it is being studied to cotiee entire cell by setting a plurality of
regions in the cell using beam forming and trandimét signals sequentially for each
region (NPL 2).

Citation List
Non Patent Literature
[0005]
NPL 1: RP-161214, NTT DOCOMO, “Revision of SI: Studn New Radio Access
Technology”, June, 2016
NPL 2: 3GPP R1-165559
http://lwww.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_85H3¢(R1-165559.zip
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Summary of Invention
Technical Problem
[0006]

An aspect of the present invention provides a taahapparatus capable of
efficiently communicating with a base station amias, a base station apparatus
communicating with the terminal apparatus, a comicaton method used for the
terminal apparatus, a communication method usedh®base station apparatus. For
example, the communication methods used for thmiteal apparatus and the base station
apparatus may include an uplink transmission metlaothodulation method, and/or a
coding method for reducing interference betweetscahd/or between terminal
apparatuses.

Solution to Problem
[0007]

(1) According to some aspects of the present inventhe following measures are
provided. That is, the first aspect of the presaméntion is a terminal apparatus
including a reception unit to receive multiple pescof random access configuration
information, a selection unit to select one pie€eamdom access configuration
information to be used in a random access procedutr®f the multiple pieces of random
access configuration information, and a transmissinit to transmit a random access
preamble on the basis of the selected one piecamafom access configuration
information.

[0008]

(2) The second aspect of the present inventiondase station apparatus including
a transmission unit to transmit multiple piecegafidom access configuration
information to a terminal apparatus, and a receptinit to receive a random access
preamble transmitted from the terminal apparatushenbasis of one piece of random
access configuration information out of the mukiplieces of random access
configuration information.

[0009]

(3) The third aspect of the present invention menmunication method used for a
terminal apparatus, including receiving multipl@@es of random access configuration
information, selecting one piece of random accesdiguration information to be used in
a random access procedure out of the multiple gi@egandom access configuration
information, and transmitting a random access ptdarmon the basis of the selected one
piece of random access configuration information.

[0010]

(4) The fourth aspect of the present invention communication method used for

a base station apparatus, including transmittindtiple pieces of random access
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configuration information to a terminal apparatasd receiving a random access
preamble transmitted from the terminal apparatushenbasis of one piece of random
access configuration information out of the mukiplieces of random access
configuration information.

Advantageous Effects of Invention
[0011]
According to one aspect of the present inventiotereninal apparatus and a base
station apparatus can efficiently communicate veiith other.

Brief Description of Drawings
[0012]

FIG. 1 is a conceptual diagram of a radio commutidcasystem according to an
embodiment of the present invention.

FIGS. 2A to 2E are diagrams, each illustrating aareple of a subframe
(subframe type) according to an embodiment of tles@nt invention.

FIG. 3 is a flowchart illustrating an example otthperation of the terminal
apparatus 1 according to an embodiment of the ptaseention.

FIG. 4 is a flowchart illustrating an example otthperation of the base station
apparatus 3 according to an embodiment of the ptaseention.

FIG. 5 is a conceptual diagram illustrating an epéof uplink precoding
available for the terminal apparatus 1 accordingricembodiment of the present
invention to transmit a random access preambléédoase station apparatus 3.

FIG. 6 is a diagram illustrating a case that a iteghapparatus 1 according to an
embodiment of the present invention receives a dimkrsignal using a beam to which
any one of a plurality of different downlink predad is applied by the base station
apparatus 3.

FIG. 7 is a diagram illustrating an example of Bt@nship between a beam used
for a downlink signal that received random accessfiguration information according to
an embodiment of the present invention, and anlalks uplink precoding index
indicated in the random access configuration infation.

FIG. 8 is a diagram illustrating an example of bléain a case that the
transmittable subframe number is indicated as afavailable PRACH resources in the
random access configuration information accordm@n embodiment of the present
invention.

FIG. 9 is a diagram illustrating an example of a&fePRACH resources indicated
by the random access configuration information adicy to an embodiment of the
present invention.
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FIG. 10 is a diagram illustrating an example okkationship between a PRACH
configuration index, an index of uplink precodinged for transmission of a random
access preamble, and indexes of available subframeers according to an embodiment
of the present invention.

FIG. 11 is a diagram illustrating a contention-lchs@ndom access procedure
according to an embodiment of the present invention

FIG. 12 is a flowchart illustrating an example ofsamdom access procedure of the
terminal apparatus 1 according to an embodimenh®fpresent invention.

FIG. 13 is a flowchart illustrating an example agbpessing related to transmission
of a random access preamble of the terminal appsarhtaccording to an embodiment of
the present invention.

FIG. 14 is a flowchart illustrating an example agbpessing related to reception of
a random access preamble of the base station appaaccording to an embodiment of
the present invention.

FIG. 15 is a flowchart illustrating an example agbpessing related to
retransmission of a random access preamble ofaiminal apparatus 1 according to an
embodiment of the present invention.

FIG. 16 is a schematic block diagram illustratingaamfiguration of a terminal
apparatus 1 according to an embodiment of the ptaseention.

FIG. 17 is a schematic block diagram illustratingomfiguration of a base station
apparatus 3 according to an embodiment of the ptaseention.

Description of Embodiments
[0013]

Embodiments of the present invention will be ddsed below.
[0014]

LTE (and LTE-A Pro) and NR may be defined as diéierRadio Access
Technologies (RATs). NR may be defined as a teatgyincluded in LTE. The present
embodiment may be applied to NR, LTE and other RAfghe following description,
explanation will be made using terms related to Lb&t it may be applied to other
technologies using other terms.

[0015]

FIG. 1 is a conceptual diagram of a radio commutidcasystem according to the
present embodiment. In FIG. 1, the radio commumicasystem includes a terminal
apparatus 1A, a terminal apparatus 1B, a baseostapparatus 3. The terminal apparatus
1A and the terminal apparatus 1B are also refetwedss a terminal apparatus 1. The
terminal apparatus 1 may also be referred to a®lilmstation apparatus, a User
Equipment (UE), a communication terminal, a molapparatus, a terminal, a Mobile
Station (MS), or the like. The base station apps@& may also be referred to as a radio
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base station apparatus, a base station, a radedtaton, a fixed station, a Node B (NB),
an evolved Node B (eNB), an NR Node B (NR NB), atrgeneration Node B (gNB), an
access point, a Base Transceiver Station (BTS)aseBstation (BS), or the like. The base
station apparatus 3 may include a core network gipa. Also, the base station
apparatus 3 may include one or more Transmissiaref&n Points (TRP) 4. The base
station apparatus 3 may serve the terminal appsrhin a communication range
(communication area) controlled by the base statipparatus 3, as one or more cells.
Further, the base station apparatus 3 may serveethenal apparatus 1 in a
communication range (communication area) controgdne or more
transmission/reception points 4, as one or morks calternatively, the terminal
apparatus 1 may be served in each partial areadiwiding one cell into a plurality of
partial areas (beamed areas). Here, the partiadmegay be identified based on the
precoding index.

[0016]

The communication area covered by the base stafpparatus 3 may be different
in size and shape for each frequency. Moreovercthwered area may be different for
each frequency. Further, a radio network, in whielis having different types of base
station apparatuses 3 and different cell radiuessiere mixed at the same frequency or
different frequencies to constitute a single commation system, is referred to as a
heterogeneous network.

[0017]

A radio communication link from the base statiopamtus 3 to the terminal
apparatus 1 is referred to as a downlink. A radimmunication link from the terminal
apparatus 1 to the base station apparatus 3 isreeféo as an uplink. A radio
communication link from the terminal apparatus latmther terminal apparatus 1 is
referred to as a side link.

[0018]

In FIG. 1, in radio communication between the teratiapparatus 1 and the base
station apparatus 3 and/or radio communication betwthe terminal apparatus 1 and
another terminal apparatus 1, an Orthogonal Fregué&ivision Multiplexing (OFDM)
including a Cyclic Prefix (CP), a Single-Carriere§uency Division Multiplexing (SC-
FDM), a Discrete Fourier Transform Spread OFDM (B&DFDM), a MultiCarrier Code
Division Multiplexing (MC-CDM) may be used.

[0019]

Also, in FIG. 1, in radio communication between teeminal apparatus 1 and the
base station apparatus 3 and/or radio communicdtédween the terminal apparatus 1
and another terminal apparatus 1, Universal Fittevlti-Carrier (UFMC), Filtered
OFDM (F-OFDM), window-multiplied OFDM (Windowed ORW), Filter-Bank Multi-
Carrier (FBMC) may be used.
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[0020]

In the present embodiment, OFDM is used as a tre&ssaon scheme and the
explanation will be made using OFDM symbols, b ttase of using the above-
described other transmission scheme is also indud®ne aspect of the present
invention.

[0021]

Further, in FIG. 1, in the radio communication beem the terminal apparatus 1
and the base station apparatus 3 and/or the radhionunication between the terminal
apparatus 1 and another terminal apparatus 1, atbeseribed transmission scheme in
which CP is not used or zero padding is performmredeiad of CP, may be used. Also, CP
and zero padding may be attached to both forwaddbactkward.

[0022]

In FIG. 1, in radio communication between the teratiapparatus 1 and the base
station apparatus 3 and/or radio communication betwthe terminal apparatus 1 and
another terminal apparatus 1, an Orthogonal Freguénivision Multiplexing (OFDM)
including a Cyclic Prefix (CP), a Single-Carrierel§uency Division Multiplexing (SC-
FDM), a Discrete Fourier Transform Spread OFDM (E&DFDM), a MultiCarrier Code
Division Multiplexing (MC-CDM) may be used.

[0023]

According to the present embodiment, at least dree mlurality of serving cells
are configured for the terminal apparatus 1. A ality of configured serving cells
includes one primary cell and at least one of aglity of secondary cells. The primary
cell is a serving cell in which an initial connemti establishment procedure has been
performed, a serving cell in which a connectiorestablishment procedure has been
started, or a cell indicated as a primary cell dgra handover procedure. One or more
secondary cell may be set at a point of time wheafter a Radio Resource Control
(RRC) connection is established.

[0024]

Time Division Duplex (TDD) and/or Frequency Divisi®uplex (FDD) may be
applied to a radio communication system accordimthe present embodiment. A time
division duplex (TDD) scheme or a frequency divisiduplex (FDD) scheme may be
applied to all the plurality of cells. Cells to veli the TDD scheme is applied and cells to
which the FDD scheme is applied may be aggregated.

[0025]

A carrier corresponding to a serving cell in thevaddink is referred to as a
downlink component carrier (or downlink carrier).cArrier corresponding to a serving
cell in the uplink is referred to as an uplink camnent carrier (or uplink carrier). A
carrier corresponding to a serving cell in the Bideis referred to as a sidelink
component carrier (or sidelink carrier). The dowklicomponent carrier, uplink
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component carrier, and/or side link component earaire collectively referred to as a
component carrier (or a carrier).
[0026]

In the present embodiment, the processing perforbyethe terminal apparatus 1
and/or the base station apparatus 3 for uplink beaming is referred to as uplink
precoding or precoding. Further, in the present @diinent, the processing performed by
the terminal apparatus 1 and/or the base statiparapus 3 for downlink beam forming is
referred to as downlink precoding. Precoding maydferred to as beam.

[0027]

Physical channels and physical signals accordindpeopresent embodiment will
be described.
[0028]

In FIG. 1, the following physical channels are u$edradio communication
between the terminal apparatus 1 and the basestatiparatus 3. The physical channel
is used for transmission of information output franmigher layer.

[0029]

- Physical Broadcast CHannel (PBCH)

- Physical Control CHannel (PCCH)

- Physical Shared CHannel (PSCH)

- Physical Random Access CHannel (PRACH)

[0030]

The PBCH is used by the base station apparatus®tity the important
information block (Master Information Block (MIBEssential Information Block (EIB))
including important system information (Essentiaidrmation) required by the terminal
apparatus 1. Here, one or more important informmabilbcks may be transmitted as an
important information message. For example, theartgnt information block may
include information indicating part or all of a m@ number (System Frame Number
(SFN)) (for example, information related to a pasitin a superframe consisting of a
plurality of frames). For example, the radio frafi® ms) is composed of 10 subframes
of 1 ms, and the radio frame is identified by th@nfie number. The frame number returns
to 0 at 1024 (Wrap around). Further, in a case dhi&rent important information blocks
are transmitted for each area in the cell, infoiioratapable of identifying the area (for
example, identifier information of the transmissim@am constituting the area) may be
included. Here, the identifier information of thmmsmission beam may be indicated
using an index of precoding. In addition, in a ctsat a different important information
block (important information message) is transnditter each area in the cell,
information that can identify the time position i the frame (for example, the
subframe number including the important informatldock (important information
message)) may be included. That is, informationdetermining each of the subframe
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numbers that each transmission of important infdromablocks (important information
messages) using indexes of different precodingréopmed, may be included. For
example, the important information may include imf@tion necessary for connection to
a cell and mobility.

[0031]

The PCCH is used for transmitting Uplink Controfdmmation (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 Hybridubomatic Repeat reQuest
ACKnowledgment (HARQ-ACK). The HARQ-ACK may indieaHARQ-ACK for
downlink data (Transport block, Medium Access Coh®rotocol Data Unit (MAC
PDU), or Downlink-Shared Channel (DL-SCH).

[0032]

Also, the PCCH is used for transmitting Downlinkr@ml| Information (DCI) in a
case of downlink radio communication (radio comnuation from the base station
apparatus 3 to the terminal apparatus 1). Here,oomeore DCIls (may be referred to as
DCI formats) are defined for transmission of dowklicontrol information. In other
words, a field for the downlink control informatios defined as a DCI and is mapped to
information bits.

[0033]

For example, as a DCI, a DCI including informatiodicating whether the signal
included in the scheduled PSCH is downlink radismomunication or uplink radio
communication, may be defined.

[0034]

For example, as a DCI, a DCI including informatiodicating a downlink
transmission period included in the scheduled P3Gty be defined.
[0035]

For example, as a DCI, a DCI including informatiodicating an uplink
transmission period included in the scheduled P3Gty be defined.
[0036]

For example, as a DCI, a DCI including informatiodicating the timing for
transmitting the HARQ-ACK with respect to the schitl PSCH (for example, the
number of symbols from the last symbol includedhia PSCH to the HARQ-ACK
transmission), may be defined.

[0037]
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For example, as a DCI, a DCI including informatiodicating a downlink
transmission period, a gap, and an uplink transimmsperiod included in the scheduled
PSCH may be defined.

[0038]

For example, as a DCI, a DCI used for scheduling downlink radio
communication PSCH (transmission of one downlirdngport block) in one cell may be
defined.

[0039]

For example, as a DCI, a DCI used for scheduling oplink radio communication
PSCH (transmission of one uplink transport blockpne cell may be defined.

[0040]

Here, the DCI includes information related to tledesduling of the PSCH in a case
that the PSCH includes an uplink or a downlink. ée@he DCI for the downlink is also
referred to as downlink grant or downlink assignmetiere, the DCI for the uplink is
also referred to as uplink grant or uplink assignine
[0041]

The PSCH is used for transmission of uplink datal{ttk Shared CHannel (UL-
SCH)) or downlink data (Downlink Shared CHannel (BCH)) from Medium Access
Control (MAC). Also, in a case of downlink, the PI8@s also used for transmitting such
as System Information (SI) and Random Access Resp@RAR). In a case of uplink, the
PSCH may be used for transmitting HARQ-ACK and/&1@long with the uplink data.
Further, the PSCH may be used for transmitting @8y, or HARQ-ACK and CSI only.

In other words, the PSCH may be used to transneitiel only.
[0042]

Here, the base station apparatus 3 and the terrapmratus 1 exchange (transmit
and/or receive) signals with each other in thegpextive higher layers. For example, the
base station apparatus 3 and the terminal appatatugy transmit and receive Radio
Resource Control (RRC) signaling (also referred$dRRC message or RRC information)
in the RRC layer, respectively. The base statiomaaptus 3 and the terminal apparatus 1
may transmit and receive a Medium Access ControAl control element in a MAC
layer, respectively. Here, the RRC signaling andhe MAC control element is also
referred to as higher layer signaling.

[0043]

The PSCH may be used to transmit the RRC signaimjthe MAC control
element. Here, the RRC signaling transmitted from lbase station apparatus 3 may be
signaling common to multiple terminal apparatuses & cell. The RRC signaling
transmitted from the base station apparatus 3 neagidnaling dedicated to a certain
terminal apparatus 1 (also referred to as dedicsitgaling). In other words, terminal
apparatus-specific (UE-specific) information maytbensmitted through signaling
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dedicated to the certain terminal apparatus 1. FE8EH may be used for transmitting UE
capability with setting on the uplink.
[0044]

Whereas PCCH and PSCH use the same designatia@ovanlink and uplink,
different channels may also be defined for downlamd uplink. For example, the PCCH
for the downlink may be defined as Physical Dowkl@ontrol Channel (PDCCH) and
the PCCH for the uplink may be defined as Physidalink Control Channel (PUCCH).

For example, the PSCH for the downlink may be dedias Physical Downlink
Shared Channel (PDSCH) and the PSCH for the uphak be defined as Physical
Uplink Shared Channel (PUSCH).

[0045]

The PRACH may be used to transmit a random accessanble (random access
message 1). The PRACH may be used for an initiaheation establishment procedure, a
handover procedure, a connection re-establishmextteplure, uplink transmission
synchronization (timing adjustment), and indicatamguplink PSCH (UL-SCH) resource
request.

[0046]

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

- Synchronization Signal (SS)

- Reference Signal (RS)

[0047]

The synchronization signal may be used for the teaimapparatus 1 to take
synchronization in the frequency domain and theetohomain in the downlink. The
synchronization signal may include Primary Synchzation Signal (PSS) and/or Second
Synchronization Signal (SSS). Also, the synchroti@asignal may be used by the
terminal apparatus 1 for selecting precoding bylise station apparatus 3, or precoding
or beam in beamforming. That is, the synchronizasmgnal may be used by the terminal
apparatus to determine the precoding index or biea®x applied to the downlink signal
by the base station apparatus 3.

[0048]

A downlink reference signal (hereinafter also siynferred to as a reference
signal) is mainly used for the terminal apparatus perform propagation path
compensation of a physical channel. That is, therdmk reference signal may include a
demodulation reference signal. The downlink refeeerignal may also be used for the
terminal apparatus 1 to calculate the downlink ctedrstate information. That is, the
downlink reference signal may include a channetestaformation reference signal.
Further, the downlink reference signal may be usedine synchronization such that
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numerology such as radio parameters and subcantienvals, and window
synchronization of FFT can be performed.
[0049]

The downlink physical channels and the downlink gibgl signals may be
collectively referred to as a downlink signal. Tinglink physical channels and the uplink
physical signals may be collectively referred toaasuplink signal.

[0050]

The subframe will be described below. In the présenbodiment, it is referred to
as a subframe, but it may also be referred to @saurce unit, a radio frame, a time
section, a time interval, or the like.

[0051]

FIGS. 2A to 2E illustrate examples of a subframeb{same type). In the figure, D
represents a downlink and U represents an uplisksi®own in the figure, in a certain
time period (for example, the minimum time secttbat must be allocated to one UE in
the system), one or more of

- downlink part

- gap

- uplink part

may be included.

[0052]

FIG. 2A illustrates an example in which all of ataén time period (for example,
the minimum unit of time resources capable of bealigcated to one 1UE) are used for
downlink transmission. In FIG. 2B, uplink schedyirs performed in the first time
resource, for example, through the PCCH, and amkgignal is transmitted through the
PCCH processing delay, the downlink to uplink sWitg time, and the gap for
generating the transmission signal. FIG. 2C is usedransmission of the downlink
PCCH and/or the downlink PSCH in the first timeaesce, and is used for transmission
of PSCH or PCCH through the processing delay, thieching time from the downlink to
the uplink, and the gap for generating the transmis signal. Here, as an example, the
uplink signal may be used for transmission of HARQK and/or CSI, that is UCI. FIG.
2D is used for transmission of the downlink PCCHi/an the downlink PSCH in the first
time resource, and is used for transmission ofnkpRSCH and/or PCCH through the
processing delay, the switching time from the ddwnklko the uplink, and the gap for
generating the transmission signal. Here, as ampl& the uplink signal may be used
for transmission of uplink data, that is, UL-SCHGF2E is an example where all are
used for uplink transmission (uplink PSCH or PCCH).

[0053]

The above-mentioned downlink part and uplink paatyrbe configured by a

plurality of OFDM symbols like LTE.
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[0054]

Here, the resource grid may be defined by a pltyalf subcarriers and a plurality
of OFDM symbols or SC-FDMA symbols. The number obsarriers constituting one
slot may depend on a cell bandwidth. The numbedBDM symbols constituting one
downlink part and uplink part may be one or twonwore. Here, each element within the
resource grid is referred to as a resource elenfdrg.resource element may be identified
by a subcarrier number and an OFDM symbol or SC-FPDdymbol number.

[0055]

The Random Access Procedure of the present embaodiwid be described.
[0056]

The random access procedure is classified intogmaedures, contention based
and non-contention based.

[0057]

The contention based random access procedure figrpad in a case of initial
access from a state not being connected (commungawith the base station apparatus
3, and/or at the time of scheduling request in sedhat transmittable uplink data to the
terminal apparatus 1 in spite of being connectethéobase station apparatus 3 or
transmittable side link data occurs.

[0058]

The occurrence of transmittable uplink data totdreninal apparatus 1 may
include a buffer status report corresponding tottaesmittable uplink data being
triggered. The occurrence of transmittable uplisltadto the terminal apparatus 1 may
include a scheduling request being triggered basethe occurrence of transmittable
uplink data is kept pending.

[0059]

The occurrence of transmittable sidelink data t términal apparatus 1 may
include a buffer status report corresponding totthesmittable sidelink data being
triggered. The occurrence of transmittable sideliaka to the terminal apparatus 1 may
include a scheduling request triggered based omticerrence of transmittable sidelink
data being kept pending.

[0060]

The non-contention based random access procedar@rscedure used by the
terminal apparatus 1 indicated from the base staigparatus 3, and is used to quickly
establish uplink synchronization between the teahapparatus 1 and the base station
apparatus 3, in a case that the base station ajpga3aand the terminal apparatus 1 are
being connected, but the handover or the transomssiming of the mobile station
apparatus is not valid.

[0061]
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The conflict-based random access procedure in thgemt embodiment will be
described.
[0062]

The terminal apparatus 1 in the present embodimec#ives the random access
configuration information through the higher laysefore initiating the random access
procedure. The random access configuration infoimmamay include the following
information.

- one or more uplink precoding (beam) availabletfansmitting a random access
preamble (for example, a set of available uplin&gqoding)

- available PRACH resource (for example, a setvafilable PRACH resource)

- one or more available random access preamblesi@ample, a set of available
random access preambles)

- the maximum number of times for transmitting freamble in each uplink
precoding

- transmit power of the terminal apparatus 1 in$keving cell performing the
random access procedure

- window size of random access response and CdnteRtesolution timer (mac-
Contention Resolution timer)

- power ramping step

- maximum number of transmission times for transimgt preamble

- Preamble initial transmit power

- Power offset based on preamble format
[0063]

However, one or more of the uplink precoding avaigafor transmitting the
random access preamble may be indicated by an ifexoding index or uplink
precoding index) corresponding to each precodingwéler, in one or more available
uplink precoding, the index of each uplink precagmay be indicated by a bit map or
the like, or the range of available precoding indexy also be indicated. However, in a
case that other information is used without usimg index to identify the uplink
precoding available for transmitting the randomesscpreamble, the same processing
can be performed. By setting one or more uplinkcpdéng (beam) available for
transmitting the random access preamble, it isipts$iot only to make one-to-one
correspondence between downlink precoding and kgdnecoding, but also to make one-
to-many correspondence. Thereby, the matching efdirection of the downlink and
uplink beams becomes flexible.

[0064]

However, the terminal apparatus 1 may receive amaare random access
configuration information, and select one from tivee or more random access
configuration information to perform a random accesocedure. FIG. 3 is a flowchart
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illustrating an example of the operation of themiaral apparatus 1 according to the
present embodiment. The terminal apparatus 1 reseavplurality of random access
configuration information (S301), and selects randaccess configuration information
that is used for random access configuration taded in the random access procedure
from the plurality of received random access comfggion information (S302). The
terminal apparatus 1 transmits a random accessrpneabased on the selected random
access configuration information (S303). FIG. 4 iBowchart illustrating an example of
the operation of the base station apparatus 3 doupto the present embodiment. The
base station apparatus 3 transmits a pluralityaaflom access configuration information
(S401), and monitors the random access preamhbe toansmitted based on each of the
plurality of transmitted random access configuratioformation (S402).

[0065]

However, the terminal apparatus 1 may use the emease uplink precoding as
one or more uplink precoding available in the ramdaccess procedure, in a case that
information indicating one or more uplink precodiagailable for transmitting the
random access preamble (it may be the index ofasmaore uplink precoding available
for transmitting the random access preamble) iscategd in the selected random access
configuration information. However, a plurality offormation indicating one or more
available uplink precoding are included in one rmdaccess configuration information,
and one information may be selected from the pltyaf information indicating one or
more available uplink precoding as one or morenlpprecoding available in the random
access procedure.

[0066]

However, the terminal apparatus 1 may receive aafity of random access
configuration information in different cells. Fokample, the terminal apparatus 1 can
perform a random access procedure by selecting@améom access configuration
information, from the random access configuratioformation received by the first cell
configured by the base station apparatus 3 andahéom access configuration
information received by the second cell configubgdthe same or different base station
apparatus 3.

[0067]

However, one or more random access configuratidorimmation may be received
from the base station apparatus 3 different frombihse station apparatus 3 to which the
terminal apparatus 1 transmits the random accessnpiole. For example, based on at
least one of the random access configuration in&drom received from the first base
station apparatus 3 forming the first cell, thertaral apparatus 1 may transmits the
random access preamble to the second base stapamatus 3 forming the second cell.
[0068]
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However, the terminal apparatus 1 may receive aneare random access
configuration information with a downlink carrierfiiérent from the downlink carrier
corresponding to the uplink carrier transmitting tandom access preamble. However,
the terminal apparatus 1 may receive the randomresscconfiguration information with a
different serving cell from the serving cell transimg the random access preamble.
Thereby, for example, even in a case that beam gwgas applied to the downlink
carrier and the uplink carrier corresponding to tipéink carrier transmitting the random
access preamble, the terminal apparatus 1 canrotitairandom access configuration
information to be applied to each beam directiomdivance, and the terminal apparatus 1
can select one random access configuration infdonatorresponding to the optimum
beam. Therefore, as one example, based on the maasat of the downlink carrier
corresponding to the uplink carrier transmitting ttandom access preamble, the terminal
apparatus 1 may select one random access configonaformation from one or more
random access configuration information.

[0069]

However, one or more available PRACH resources beget independently for
each available uplink precoding. However, one oremavailable random access
preambles may be set independently for each availaplink precoding. For example, a
random access preamble group may be set for edatkypecoding, and an index of
available random access preambles may be set &br radom access preamble group.
However, a value common to all the available uplpmkcoding may be set as the
maximum number of transmission times of the preambleach uplink precoding.

[0070]

FIG. 5 is a conceptual diagram illustrating an epéof uplink precoding
available for the terminal apparatus 1 to transamiandom access preamble to the base
station apparatus 3. The terminal apparatus 1 mé&res random access preamble by using
any of a beam pl using uplink precoding with a poiag index of }1, a beam p2 using
uplink precoding with a precoding index gb,la beam p3 using uplink precoding with a
precoding index ofpk, and a beam p4 using uplink precoding with a pdéetg index of
[pa.

[0071]

However, in a case that the available uplink precgds set according to the
random access configuration information, the teahapparatus 1 transmits the random
access preamble using one of the set uplink precpdior example, in a case that the
indexes of available uplink precoding indicatedtbg received random access
configuration information are,] and |, the terminal apparatus 1 transmits a random
access preamble using the uplink precoding cormedipng to either of index,i and ..
[0072]

15



10

15

20

25

30

35

However, the terminal apparatus 1 may receive aafity of independent random
access configuration information of configurationrh the base station apparatus 3. For
example, the terminal apparatus 1 may receive iaddent random access configuration
information for each downlink precoding appliedth@ downlink signal that receives the
random access configuration information.

[0073]

FIG. 6 is a diagram illustrating a case that thenieal apparatus 1 receives a
downlink signal using a beam to which any one plwality of different downlink
precoding is applied by the base station apparatdshe base station apparatus 3
transmits a downlink signal to the terminal appasa® by using a beam b1 using
downlink precoding with a precoding index @f,la beam b2 using downlink precoding
with a precoding index of,}, and/or a beam b3 using downlink precoding witagading
index of b3. However, a plurality of downlink signals usingames b1, b2 and/or b3 may
be transmitted in overlapping time or may be traittad at different times.

[0074]

FIG. 7 is a diagram illustrating an example of Eti®nship between a beam used
for a downlink signal that received random accessfiguration information and an
available uplink precoding index indicated in tlemdom access configuration
information. The random access configuration infation received by the beam bl
indicates that the indexes of the uplink precodangilable for transmission of the
random access preamble agednd |,. The random access configuration information
received by the beam b2 indicates that the indexake uplink precoding available for
transmission of the random access preamblear@nid 3. The random access
configuration information received by the beam b8icates that the indexes of the
uplink precoding available for transmission of tia@dom access preamble aggdnd }a.
The terminal apparatus 1 transmits the random @&cpesamble using any of the available
uplink precoding indicated in the received randauess configuration information.
[0075]

However, in a case of receiving a plurality of randaccess configuration
information, the terminal apparatus 1 may transamiandom access preamble based on
the plurality of random access configuration infatmon.

For example, the terminal apparatus 1 receivesahdom access configuration
information by the beam b1 and the beam b2 in BlGnd the terminal apparatus 1 may
set the available uplink precoding indexes @slp., and s respectively in a case that
the available uplink precoding indexes are indidaas shown in the example of FIG. 7.
[0076]

As one or more available PRACH resources includgethe random access
configuration information, a subframe number, ategsframe number, a symbol number
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that can transmit a random access preamble in BR&ACH resource, an available uplink
precoding, and/or a preamble format may be set.
[0077]

FIG. 8 is an example of a table in a case thatrhesmittable subframe number is
indicated as a set of available PRACH resourcdsénrandom access configuration
information. In FIG. 8, 0, 1, 2, 3 can be set as BRACH configuration indexes, each of
which indicates that subframe numbers i1, i2, iBidois available, respectively.
However, the available subframe numbers in each ®RAonfiguration index may be
one or more of the subframe numbers in the systamé. However, for each of the
PRACH configuration indexes, available system framenbers may be indicated.
However, available system frame numbers may indiediether they are odd or even.
However, for each PRACH configuration index, avhiapreambles formats may be
indicated. However, for each PRACH configuratioder, available symbol numbers
may be indicated.

[0078]

FIG. 9 illustrates the relationship between theexaf the uplink precoding used
for transmission of the random access preambletb@d®RACH configuration index, as
an example of the set of PRACH resources indicatethe random access configuration
information according to the present embodimente Términal apparatus 1 receives
random access configuration information in whicRRACH configuration index is
individually set for each index of the availableling precoding. In FIG. 9, an
independent PRACH configuration index is set focreandex of the uplink precoding,
and based on FIG. 8, a random access preamble em&nalismitted using a subframe
independently set for each index of the uplink paing.

However, the independent PRACH configuration isfeeteach uplink precoding
used for transmission of the random access preamblkistrated in FIG. 9, but a set of
the independent PRACH resource may be set for aptihk precoding by different
means. For example, configuration corresponding pdurality of uplink precoding may
be individually defined for one PRACH configuratiofor example, in a case that one
PRACH configuration is indicated for the random @g€ configuration information, the
subframe for transmitting the random access prearbplthe uplink precoding to be used
by the terminal apparatus 1 for transmitting thed@am access preamble, may be
different. FIG. 10 is a diagram illustrating an exale of a relationship between a
PRACH configuration index, an index of uplink predog used for transmission of a
random access preamble, and indexes of availalbraane numbers. In FIG. 10, in a
case that the PRACH configuration index is 0, thbfseame number available for
transmission of the random access preamble usaaphink precoding with the index of
Ip1 is i1, and the subframe number available for transmissifothe random access
preamble using the uplink precoding with the inaéXp; is i,. Also, in a case that the
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PRACH configuration index is 1, the subframe numaeailable for transmission of the
random access preamble using the uplink precodiitiy tive index of §; is is, and the
subframe number available for transmission of #redom access preamble using the
uplink precoding with the index ofdis is.

[0079]

As shown in FIG. 11, the contention-based randooesas procedure is realized by
transmission and/or reception of four kinds of nagges between the terminal apparatus 1
and the base station apparatus 3.

[0080]
<Message 1 (S800)>

The terminal apparatus 1 in which the transmittaipénk data or the
transmittable side link data has occurred transmipseamble for random access
(referred to as a random access preamble) to the si@mtion apparatus 3 through
Physical Random Access Channel (PRACH). This tratisthrandom access preamble is
referred to as message 1 or Msg 1. The random aguesmble is configured to notify
information to the base station apparatus 3 byuaagpity of sequences. For example, in a
case that 64 types of sequences are available, i6fbrmation can be provided to the
base station apparatus 3. This information is iathd as a Random Access Preamble
Identifier. The preamble sequence is selected fitoenpreamble sequence set using the
preamble index. One selected random access preamtriensmitted with the transmit
power RBrach in the resource of the designated PRACH.

[0081]
<Message 2 (S801)>

The base station apparatus 3 that received theoraratcess preamble generates a
random access response including an uplink graminiiructing the terminal apparatus 1
to transmit, and transmits the generated randomsscoesponse to the terminal apparatus
1 with the downlink PSCH. The random access respanseferred to as message 2 or
Msg 2. Further, the base station apparatus 3 catiesila deviation of the transmission
timing between the terminal apparatus 1 and the Iséstion apparatus 3 from the
received random access preamble, and includegdhsrission timing adjustment
information (Timing Advance Command) for adjustitige deviation in the message 2.
Also, the base station apparatus 3 includes thdamnaccess preamble identifier
corresponding to the received random access preaimlihe message 2. In addition, the
base station apparatus 3 transmits Random AccedsREetwork Temporary Identity
(RA-RNTI) for indicating a random access responddrassed to the terminal apparatus 1
that transmitted the random access preamble, throlig downlink PCCH. The RA-RNTI
is determined according to the location informatajrthe physical random access
channel that transmitted the random access preaartéor the precoding index used for
transmitting the random access preamble. Hereptbgsage 2 (downlink PSCH) may
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include the precoding index used for transmissibthe random access preamble. Also,
information for determining precoding to be usedti@nsmission of the message 3 may
be transmitted using downlink PCCH and/or the mgssa (downlink PSCH). Here, the
information for determining the precoding to be diser the transmission of the message
3 may include information indicating the differen@justment, correction) from the
precoding index used for transmission of the randmwess preamble.

[0082]

<Message 3 (S802)>

The terminal apparatus 1 that transmitted the randocess preamble performs
monitoring of the downlink PCCH for the access msge identified by RA-RNTI in a
plurality of subframe periods (referred to as RApense windows) after transmitting the
random access preamble. In a case of detectingdiresponding RA-RNTI, the terminal
apparatus 1 that transmitted the random accessnieadecodes the random access
response allocated in the downlink PSCH. The teamapparatus 1 that successfully
decoded the random access response checks whethet the random access response
includes a random access preamble identifier cpmeding to the transmitted random
access preamble. In a case that the random acoeasple identifier is included, the
synchronization deviation is corrected by using titasmission timing adjustment
information indicated in the random access respoRaether, the terminal apparatus 1
transmits the data stored in the buffer to the Isdadon apparatus 3 using the uplink
grant included in the received random access respoht this time, the data transmitted
using the uplink grant is referred to as message [dsg 3.

[0083]

Further, in a case that the successfully decodedam access response is the one
that successfully received for the first time isexries of random access procedures, the
terminal apparatus 1 transmits information for idgmng the terminal apparatus 1 (C-
RNTI) with being included in the message 3 to nsmitted, to the base station
apparatus 3.

[0084]
<Message 4 (S803)>

In a case of receiving the uplink transmission wvitik resource allocated to the
message 3 of the terminal apparatus 1 in the ranaooess response, the base station
apparatus 3 detects the C-RNTI MAC CE includedhi@ teceived message 3. Then, in a
case of establishing a connection with the termapdaratus 1, the base station apparatus
3 transmits the PCCH addressed to the detected TERN a case of transmitting the
PCCH addressed to the detected C-RNTI, the basiestapparatus 3 includes the uplink
grant in the PCCH. These PCCHs transmitted frombidge station apparatus 3 are
referred to as message 4, Msg 4 or contention uésol message.

[0085]
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The terminal apparatus 1 that transmitted the nges8astarts a contention
resolution timer that defines a period for monitgyithe message 4 from the base station
apparatus 3, and try to receive the downlink PC&iigmitted from the base station in
the timer. The terminal apparatus 1 that transmittee C-RNTI MAC CE in the message
3 stops the contention resolution timer and tertm@sdhe random access procedure,
assuming that the contention resolution with thieeotterminal apparatus 1 has
succeeded, in a case that the terminal apparataseives the PCCH addressed to the
transmitted C-RNTI from the base station appar&tasd the uplink grant for new
transmission is included in the PCCH. In a case tha reception of the PCCH addressed
to the C-RNTI transmitted by the terminal apparaltus the message 3 is not confirmed
within the timer period, the contention resolutisrregarded as unsuccessful, then the
terminal apparatus 1 transmits the random accessnpiole again and continue the
random access procedure. However, in a case teatahtention resolution has not
succeeded after repeating the transmission ofahdam access preamble a
predetermined number of times, it is determined thare is a problem in the random
access and the random access problem is indicatdtkethigher layer. For example, the
higher layer may reset the MAC entity based onrdredom access problem. In a case
that a reset of the MAC entity is requested byhigher layer, the terminal apparatus 1
stops the random access procedure.

[0086]

By the transmission and/or reception of the abawe fnessages, the terminal
apparatus 1 can synchronize with the base stapparatus 3 and transmit the uplink
data to the base station apparatus 3.

[0087]

FIG. 12 is a flowchart illustrating an example bettransmission processing of the
random access preamble of the terminal apparaaccarding to the present
embodiment. The terminal apparatus 1 may perfosargées of transmission processing
using at least one counter out of a first countercounting the number of transmission
times of the entirety of the preamble transmissroone random access procedure, a
second counter for counting the number of transimisimes of preamble per one uplink
precoding, and a third counter incremented eacl tiplink precoding is changed.
[0088]

The terminal apparatus 1 performs the initial cgafation in a case of starting the
random access procedure (S901). The terminal appafasets 1 to the counter (the first
counter, the second counter and/or the third calintebe used for the transmission
processing. Also, based on the random access agatign information notified by the
higher layer, the terminal apparatus 1 may setammore available uplink precoding,
one or more set of available PRACH resources, anaare random access preambles
available in a group of random access preamblas each group, the maximum number
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of preamble transmission times in one random acpessedure, the maximum number of
preambles transmission times in each uplink preogdihe transmit power of the
terminal apparatus 1 in the serving cell that panf® the random access procedure, the
window size of the random access response, theentinh resolution timer, the power
ramping step, the maximum number of transmissiores of the preamble transmission,
the initial transmit power of the preamble, andtoe power offset based on the preamble
format.

[0089]

The terminal apparatus 1 selects a resource ofathéom access preamble (S902).
The terminal apparatus 1 may select one uplink guterg from one or more uplink
precoding available for transmission of the randmaoess preamble based on a precoding
selection rule which will be described below. Howewhe terminal apparatus 1 may
select uplink precoding in a case that a predeteechicondition is satisfied. For example,
the terminal apparatus 1 may perform selection @semg of the uplink precoding in a
case that the first counter has reached a predetedmumber of times. For example, the
terminal apparatus 1 may perform selection proecessi the uplink precoding in a case
that the second counter is 1. Also, the terminglaaptus 1 selects the PRACH resource
to be used for transmission of the random accesarpble from the set of available
PRACH resources. However, the PRACH resource magebédased on the selected
uplink precoding. Further, the terminal apparatuseliects a group of random access
preambles to be used. However, the terminal apparhimay set a group of available
random access preambles based on the selectedk ygréooding. Based on the
information of the selected PRACH resource, theniaal apparatus 1 determines a
subframe to transmit the random access preamble.eMer, the terminal apparatus 1 may
determine the subframe to transmit the random acpesamble from the selected uplink
precoding and the selected PRACH resource. Theitalmpparatus 1 randomly selects
one random access preamble from the group of tleetsel random access preambles.
[0090]

The terminal apparatus 1 performs transmission gssing of the random access
preamble (S903). The terminal apparatus 1 mayhsetransmission power of the random
access preamble based on the initial transmissoavep of the preamble set in step S901,
the power offset based on the preamble format,thagower ramping step. Also, the
terminal apparatus 1 may set the target receivedep®rarcer Of the random access
preamble based on the first counter, the secondteouand/or the third counter. For
example, the target received powehdder may be set as HRrcet = initial transmit
power of preamble + (first counter - 1) * power f@img step + power offset based on
preamble format". For example, the target receipeder Rarcer may be set as "Rrcer
= initial transmit power of preamble + (second ctaun 1) * power ramping step +
power offset based on preamble format". The terinapgaratus 1 transmits the random
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access preamble using the selected PRACH resothresubframe, and the target
received power.
[0091]

Once the random access preamble is transmittedeth@nal apparatus 1
performs a reception processing of a random aceesggonse. The terminal apparatus 1
monitors the downlink PCCH identified by the RA-RNWithin the window of the
random access response. In a case that the renegtibe random access response
including the random access preamble identifieregponding to the transmitted random
access preamble was successful (S904-YES), tharnarmpparatus 1 may stops the
monitoring of the random access response and tetesnthe transmission of the random
access preamble and the reception processing aftidom access response.

[0092]

In a case that the random access response is c@ivesl within the random access
response window or in a case that all of the remgisandom access responses do not
include the random access preamble identifier spwading to the transmitted random
access preamble (S904-NO), the terminal apparapesrfbrms the following processing
assuming that the reception of the random accegmsorese was not successful.

[0093]

In a case that the number of transmission timethefpreamble has reached the set
maximum number (S905-YES), the terminal apparatterthinates the transmission of
the random access preamble and the reception mwimgesf the random access response,
assuming that the random access procedure couldensticcessful. For example, the
terminal apparatus 1 increments the first countet band in a case that the first counter
becomes greater than the maximum number of trarssomgimes of the preamble
transmission as the information from the higherelayt is regarded as that the number of
transmission times of the preamble reached thenseimum number.

In a case that the number of transmissions of tkamble does not reach the set
maximum number (S905-NO), the terminal apparatustdrns to step S902. However,
the terminal apparatus 1 may increase the secoandteoby 1 in the processing of S 905-
NO. However, the terminal apparatus 1 resets tiherss counter only in a case that the
second counter becomes greater than the maximunb@uaf transmission times per
uplink precoding, and in the subsequent step SA08ay be processed so as to change
the uplink precoding to be used for transmissiomhef random access preamble.
However, the terminal apparatus 3 may increasetltitd counter by 1 in the processing
of S905-NO. However, the terminal apparatus 1 neset the third counter and
increment the second counter by 1 only in a caaéttie third counter becomes greater
than the number of available precoding.

[0094]
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However, the RA-RNTI allocated to the PRACH thatnsmitted the random
access preamble in the processing of FIG. 12 mayabsulated as the following formula.
[0095]

RA-RNTI=1+t_id+10*f id+64*b_id

[0096]

However, t_id is an index of the first subframetioé PRACH, f_id is an index in
the frequency direction of the PRACH in the subfearand b_id is an index of the
selected uplink precoding. That is, the RA-RNTI nisydetermined based on the uplink
precoding to be used for transmission of the randaeess preamble.

[0097]

A selection rule in a case that the terminal apperd according to the present
embodiment receives a plurality of random accesgigaration information and selects
one random access configuration information to $edufor the random access procedure
from the plurality of random access configuratiofiormation, will be described.

[0098]

The terminal apparatus 1 may select the randomsaccenfiguration information
to be used for the random access procedure bas#tegropagation path characteristic
between the terminal apparatus 1 and the basestatiparatus 3. The terminal apparatus
1 may select the random access configuration in&tiom to be used for the random
access procedure based on the propagation pathatkastic measured by the downlink
reference signal received from the base statioraggips 3.

[0099]

The terminal apparatus 1 may randomly select ondam access configuration
information from the plurality of received randorocass configuration information.
[0100]

The terminal apparatus 1 may select one randomsacoenfiguration information
from the plurality of received random access comfggion information based on the
downlink signal received from the base station apps 3. However, the downlink signal
may be received from the base station apparathat3is the transmission destination of
the random access preamble, or may be received drdifferent base station apparatus
3. For example, the random access configuratioormétion selected based on the
downlink signal from the first base station appasad constituting the first cell may be
used for the random access procedure with the skbagse station apparatus 3 forming
the second cell.

[0101]

Here, although the above selection rule is desdrdebeing applied to the
selection of receiving one random access configomaihformation in a case that a
plurality of random access configuration informaitiis received, the selection rule may
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be applied to part of information of the randomesx configuration information. For
example, the terminal apparatus 1 according toptlesent embodiment may use similar
rules to the case of identifying one or more avagauplink precoding by selecting one
information from the plurality of information, in @ase of receiving a plurality of
information indicating one or more uplink precodiagailable for transmission of a
random access preamble by one or more random acoes$iguration information.

[0102]

FIG. 13 is a flowchart illustrating the processiregated to the configuration of the
uplink precoding of the terminal apparatus 1 acowgdo the present embodiment.
[0103]

In step S1001 of FIG. 13, the terminal apparatusckives information to identify
one or more precoding available for transmissionhef random access preamble.
However, the information to identify one or moreepoding available for transmission of
the random access preamble may be information dexun the random access
configuration information.

However, the information to identify one or moreepoding available for
transmission of the random access preamble mapfoemation indicating an index of
one or more available uplink precoding. Howeveraddition to the information
identifying one or more precoding available for th@nsmission of the random access
preamble, the terminal apparatus 1 may receiverinédion related to the PRACH
resources corresponding to each of the one or meadable precoding. However, the
information related to the PRACH resource may idelunformation on time resources
and/or frequency resources available in a caseaofsmitting the random access
preamble using the corresponding precoding. Howether available time resource
information may be information indicating an avail@ symbol number, subframe
number, and/or radio frame number. However, thelabke frequency resource
information may be information indicating availaldeb-carriers and/or resource blocks.
[0104]

In step S1002 of FIG. 13, the terminal apparatsglécts one uplink precoding
from one or more available uplink precoding. Th&eston rule of the uplink precoding
applied to the transmission of the random acceearmble according to the present
embodiment will be described.

[0105]

The terminal apparatus 1 according to the presertogliment may randomly
select one uplink precoding from one or more awddauplink precoding. For example,
the terminal apparatus 1 may randomly selects oo 1,1, 1,2 and bz in a case that,
lp2 and b3 are available uplink precoding indexes accordimghie received random
access configuration information, and may use Wpflirecoding corresponding to the
index for transmission of the random access preambl
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In a case of changing the uplink precoding withbeing able to receive the
random access response by the uplink precoding ustds case, selection can be
randomly made from the indexes not used amendJ> and j3 or can be randomly made
from lp1, 1p2 and bs. However, any one of one or more available uppn&coding may be
associated with one or more available random acpessmbles. In this case, the uplink
precoding associated with the selected random aque=amble is selected by selecting
one random access preamble from one or more rarmbm@ss preambles. That is, one
random access preamble is associated with one fleasequence and one uplink
precoding among available uplink precoding. Howevlee preamble sequence may be a
sequence identified by one root sequence and ocléccshift. For example, in a case that
uplink precoding with indexes of 0 and 1 is avaitahnd 64 preamble sequences per
index of one uplink precoding are available, thegmble with the index of O to 63 is set
as the random access preamble using the uplinkodreg with index of 0, and the
preamble with the index of 64 to 127 is set asrdredom access preamble using the
uplink precoding with index of 1, and then the teral apparatus 1 may randomly select
to use one out of the random access preamble hakngreamble with the index of 0 to
127.

[0106]

The terminal apparatus 1 according to the preseritogliment may select one
uplink precoding from one or more available uplpecoding based on a predetermined
rule. For example, in a case that uplink precodiitp indexes of §1, l,2 and 3 is
available according to the received random acces$iguration information, the terminal
apparatus 1 may select the one with the smallexivalue and use the selected uplink
precoding for transmission of the random accesamide. In a case of changing the
uplink precoding without receiving the random ascessponse corresponding to the
transmitted random access preamble in this cageinttex having the smallest index
value may be selected out of unused indexes amantpd, and ps. However, the index
of the selected uplink precoding may be associati¢l the third counter. For example,
uplink precoding to be selected for each valuehef third counter may be determined.
[0107]

In a case that the uplink precoding in which theeixes areph, Ip> and p3 are
available by the received random access configomaitiformation, the terminal
apparatus 1 according to the present embodimentusayhe uplink precoding capable
of transmitting the random access preamble in Hréest subframe among the PRACH
resources allocated to each uplink precoding. tase of changing the uplink precoding
without receiving the random access response cporeding to the transmitted random
access preamble in this case, an index capableo$mitting the random access
preamble may be selected out of unused uplink ghegpindexes amongd, ly2, and hs.
[0108]
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In a case that the uplink precoding in which theeixes areph(i), 1p2(i) and bs(i)
is available in the PRACH resource i by the recdiveandom access configuration
information, the terminal apparatus 1 accordinght® present embodiment may transmit
the random access preamble using the uplink pregodindomly selected from the
uplink precoding of the PRACH resource i capablérahsmitting the random access
preamble in the earliest subframe out of the pltyalf PRACH resources i. In a case
that the random access response correspondingtoahsmitted random access
preamble cannot be received, the uplink precodamgylomly selected from the uplink
precoding of the PRACH resource i capable of tratismg the random access preamble
at the earliest subframe out of the plurality of A resources i, may be used again.
[0109]

The terminal apparatus 1 according to the presertogliment may select uplink
precoding to be used for transmission of a randooess preamble based on downlink
precoding used for reception of a downlink sigrraini the base station apparatus 3. For
example, in a case that uplink precoding with inekex»f |1, 2 and |3 is available
according to the received random access configamatiformation, the terminal
apparatus 1 may select the uplink precoding (faneple, having the best transmission
characteristic estimated from the downlink sigred¥yociated with the downlink
precoding used for receiving the downlink signal downlink precoding determined to
be the best by measurement of the downlink sigriat)transmission of the random
access preamble. In a case of changing the upliekaaling without receiving the
random access response corresponding to the tréesihmandom access preamble in this
case, an index estimated to have the best transmisbaracteristic may be selected out
of the indexes of the unused uplink precoding amigagdly2 and hs.

[0110]

In step S1003 of FIG. 13, the terminal apparatiiathsmits the random access
preamble using the uplink precoding selected ip §2002.

[0111]

FIG. 14 is a flowchart illustrating the processateld to the reception of the
random access preamble of the base station apgadaducording to the present
embodiment.

[0112]

In step S1101 of FIG. 14, the base station apparatuwansmits information for
identifying one or more uplink precoding that tleeminal apparatus 1 can use for
transmission of a random access preamble. Thenrdton to identify one or more
precoding available for transmission of the randamness preamble by the terminal
apparatus 1 may be transmitted as a part of raramrass configuration information to
be transmitted from the base station apparatustBeaderminal apparatus 1. However, in
addition to the information to identify one or marplink precoding available for
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terminal apparatus 1 to transmit the random acpesamble, the base station apparatus 3
may transmit information related to the PRACH reses corresponding to each of the
one or more available uplink precoding. Howevee thformation related to the PRACH
resource may include information on time resouraed/or frequency resources available
in a case of transmitting the random access preaming the corresponding uplink
precoding. However, the available time resourcernmiation may be information
indicating an available symbol number, subframe hemand/or radio frame number.
However, the available frequency resource infororatinay be information indicating
available sub-carriers and/or resource blocks.

[0113]

In step S1102 of FIG. 14, the base station apparatieceives a random access
preamble to which one uplink precoding of one orenoplink precoding indicated by
information to identify one or more uplink precodiavailable for transmission of the
random access preamble transmitted in step S118papked, from the terminal apparatus
1. However, the base station apparatus 3 may redéir random access preamble only
with the time resource and/or the frequency reseumdicated by the information related
to the PRACH resource that transmitted to the taahapparatus 1. However, the base
station apparatus 3 may identify the uplink preogdiused for transmission of the
random access preamble based on the time resondterdrequency resource that
received the random access preamble.

[0114]

An example of the retransmission processing ofrdrelom access preamble in a
case that the terminal apparatus 1 according tgtheent embodiment does not detect
the random access response corresponding to th®maaccess preamble transmitted by
the terminal apparatus 1 using one uplink precodvilbe described.

[0115]

FIG. 15 is a flowchart illustrating an example betretransmission processing of
the random access preamble in the terminal appaafaccording to the present
embodiment. The terminal apparatus 1 selects ofiakuprecoding from one or more
available uplink precoding (S1501), and transntits tandom access preamble using the
selected one uplink precoding to the base statppageatus 3 (S1502). The terminal
apparatus 1 monitors the random access responka&gpect to the transmitted one
random access preamble, and terminates the trasgmiprocessing of the random
access preamble in a case that the reception afatiom access response is successful
(S1503-YES), and increments the value of the cau{8&504) in a case that the
reception of the random access response is noesafid (S1503-NO). In a case of
incrementing the value of the counter, the termegabaratus 1 terminates the
transmission processing of the random access prieaifntihe value of the counter
exceeds a predetermined value (S1505-YES), andn®to step S1501 to retransmit the
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random access preamble if the value of the coutdes not exceed a predetermined
value (S1505-NO).
[0116]

As an example of the retransmission processindi@frandom access preamble,
the terminal apparatus 1 increments a first coumexr case that the random access
response corresponding to the transmitted randarasscpreamble is not detected in the
period of the set random access response window.dase that the value of the
incremented first counter does not exceed the maximumber of transmission times of
the random access preamble set by the random acoaiguration information, the
terminal apparatus 1 performs retransmission prsiogsof the random access preamble.
However, the terminal apparatus 1 may change thi@alkuprecoding used for
transmission of the random access preamble eachttimfirst counter is incremented.
However, the terminal apparatus 1 may increaseséihee of the target received power
PrarceT to be used for transmission of the random accesamble every time the first
counter is incremented by a predetermined numbeinods. However, the terminal
apparatus 1 may increase the value of the targetived power Paxrger in a case of
transmitting the random access preamble usingfalhe or more uplink precoding
available for transmission of the random accesamptde. However, the target received
power Rarcer may be set as tRreer = initial transmit power of random access
preamble + Floor((first counter - 1)/number of dabie uplink precoding) * power
ramping step + power offset based on preamble forntbowever, Floor(X) represents
the floor function of X.

[0117]

As another example of the retransmission processfrtge random access
preamble, the terminal apparatus 1 incrementsrd tounter in a case that the random
access response corresponding to the transmittetbma access preamble is not detected
in the period of the set random access responsdominin a case that the value of the
incremented third counter does not exceed the numbthe uplink precoding available
for transmission of the random access preambleteghminal apparatus 1 performs
retransmission processing of the random accessireaby changing the uplink
precoding to be used for transmission of the randagess preamble. In a case that the
value of the incremented third counter exceedstlmaber of the uplink precoding
available for transmission of the random accesaptde, the terminal apparatus 1
increments the second counter and resets the ¢budter. In a case that the value of the
incremented second counter does not exceed thermiaxinumber of transmission times
of the random access preamble per uplink precodimgterminal apparatus 1 performs
retransmission processing of the random accessrgreaby changing the uplink
precoding to be used for transmission of the randagess preamble. However, the
terminal apparatus 1 may increase the value ofahget received powerrkkcer to be
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used for transmission of the random access preamidey time the second counter is
incremented. However, the target received powgrd&tr may be set as "Rrcer = initial
transmit power of random access preamble + (secondter - 1) * power ramping step +
power offset based on preamble format".

[0118]

As another example of the retransmission processirtbe random access
preamble, the terminal apparatus 1 increments amgkcounter in a case that the random
access response corresponding to the transmittetbma access preamble is not detected
in the period of the set random access responsdominin a case that the value of the
incremented second counter does not exceed thermuaxinumber of transmission times
of the random access preamble per uplink precodimgterminal apparatus 1 performs
retransmission processing of the random accessmreawithout changing the uplink
precoding to be used for transmission of the randacess preamble. In a case that the
value of the incremented second counter exceedmthemum number of transmission
times of the random access preamble per uplinkgatieg, the terminal apparatus 1
resets the second counter, and performs retrangmigsocessing of the random access
preamble by changing the uplink precoding to beduse transmission of the random
access preamble. However, the terminal apparataaylincrease the value of the target
received power RRrcet to be used for transmission of the random accesamble every
time the second counter is incremented. However téinget received powekikcer may
be set as "Rrcet = initial transmit power of random access preamblgsecond counter
- 1) * power ramping step + power offset based oegmble format".

[0119]

However, the terminal apparatus 1 according topitessent embodiment may
transmit a plurality of random access preambleagisi plurality of uplink precoding
among one or more uplink precoding available iraaecof transmitting a random access
preamble. For example, in a case that the firsinkpbrecoding and the second uplink
precoding are available, the terminal apparatusay tnansmit a first random access
preamble using the first precoding and a secondaanaccess preamble using the
second precoding. However, in a case that the teseurce corresponding to the first
uplink precoding is a first time resource and timet resource of the random access
preamble corresponding to the second uplink praogpds a second time resource, the
terminal apparatus 1 may transmit a first randoiweas preamble with the first time
resource and a second random access preambleheittetond time resource.

[0120]

The terminal apparatus 1 that transmitted the pityraf random access preambles
monitors the random access response correspondiagdh of the plurality of transmitted
random access preambles. In a case that none oatii®m access responses
corresponding to each of the plurality of randomess preambles transmitted in the
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period of the set random access response windovbeatetected, the terminal apparatus
1 increments the second counter. In a case thatahee of the incremented second
counter does not exceed the maximum number of tnégssson times of the random
access preamble per uplink precoding, the termapplaratus 1 performs retransmission
processing of the random access preamble. Howéwelrterminal apparatus 1 may
increase the value of the target received powggdzt to be used for transmission of the
random access preamble every time the second coisnitecremented. However, the
target received powertkkcer may be set as tRrcer = initial transmit power of random
access preamble + (second counter - 1) * power nagngtep + power offset based on
preamble format".

[0121]

Configurations of apparatuses according to thegmesembodiment will be
described below.
[0122]

FIG. 16 is a schematic block diagram illustratingaafiguration of the terminal
apparatus 1 according to the present embodimenillUsirated, the terminal apparatus 1
is configured to include a radio transmission andézeption unit 10 and a higher layer
processing unit 14. The radio transmission andéoeption unit 10 is configured to
include an antenna unit 11, a radio frequency (RH) 12, and a baseband unit 13. The
higher layer processing unit 14 is configured tolide a medium access control layer
processing unit 15 and a radio resource contradigyocessing unit 16. The radio
transmission and/or reception unit 10 is also meféto as a transmitter, a receiver or a
physical layer processing unit. The higher layervgeissing unit 14 is also referred to as a
selection unit and a counter unit.

[0123]

The higher layer processing unit 14 outputs upliaia (transport block) generated
by a user operation or the like, to the radio trarssion and/or reception unit 10. The
higher layer processing unit 14 performs processihthe Medium Access Control
(MAC) layer, the Packet Data Convergence ProtoP®@P) layer, the Radio Link
Control (RLC) layer, and the Radio Resource ContRRC) layer.

[0124]

The medium access control layer processing unintkided in the higher layer
processing unit 14 performs processing of the MedAccess Control layer.
[0125]

The radio resource control layer processing unitnbfuded in the higher layer
processing unit 14 performs processing of the R&#eource Control layer. The radio
resource control layer processing unit 16 managemus types of configuration
information/parameters of its own apparatus. Trdaa@aesource control layer processing
unit 16 sets various types of configuration infotiroa/parameters based on higher layer
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signaling received from the base station apparatds¢amely, the radio resource control
unit 16 sets the various configuration informatjawameters in accordance with the
information indicating the various configuratiorfonmation/parameters received from
the base station apparatus 3. Higher layer prongasiit 14 may have a function for
selecting the uplink precoding to be used for tmaission of the random access preamble
based on information to identify a plurality of ik precoding available for transmission
of the random access preamble received from the b&gion apparatus 3. The higher
layer processing unit 14 may have a function fdesng one random access
configuration information to be used in the randaotess procedure from a plurality of
random access configuration information receivenfithe base station apparatus 3. The
higher layer processing unit 14 may have a functammincrementing the first counter,

the second counter, and/or the third counter.

[0126]

The radio transmission and/or reception unit 1fqrens processing of the
physical layer, such as modulation, demodulatiadircg, decoding, and the like. The
radio transmission and/or reception unit 10 dempléties, demodulates, and decodes a
signal received from the base station apparatus8,outputs the information resulting
from the decoding to the higher layer processing u4. The radio
transmission/reception unit 10 receives the randagess configuration information. The
radio transmission/reception unit 10 may have afiom for receiving a plurality of
random access configuration information. The radamsmission and/or reception unit 10
generates a transmit signal by modulating and apdata, and performs transmission to
the base station apparatus 3. The radio transmm&siception unit 10 may have a
function for transmitting a random access preaniblthe base station apparatus 3 using
the uplink precoding selected by the higher laymrcpssing unit 14. The radio
transmission/reception unit 10 may have a funcfmmtransmitting a random access
preamble to the base station apparatus 3 baseldeorahdom access configuration
information selected by the higher layer processing 14.

[0127]

The RF unit 12 converts (down-converts) a signakreed via the antenna unit 11
into a baseband signal by orthogonal demodulatiwhr@moves unnecessary frequency
components. The RF unit 12 outputs the processatbgrsignal to the baseband unit.
[0128]

The baseband unit 13 converts the analog signaitifrom the RF unit 12 into a
digital signal. The baseband unit 13 removes aiportorresponding to a Cyclic Prefix
(CP) from the digital signal resulting from the e@nsion, performs Fast Fourier
Transform (FFT) of the signal from which the CP Ib@®n removed, and extracts a signal
in the frequency domain.

[0129]
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The baseband unit 13 generates an SC-FDMA symbgleloforming Inverse Fast
Fourier Transform (IFFT) of the data, attaches €fhe generated SC-FDMA symbol,
generates a baseband digital signal, and conveetbaseband digital signal into an
analog signal. The baseband unit 13 outputs théogreagnal resulting from the
conversion, to the RF unit 12.

[0130]

The RF unit 12 removes unnecessary frequency coergsrirom the analog
signal input from the baseband unit 13 using a pgs filter, up-converts the analog
signal into a signal of a carrier frequency, arahtmits the up-converted signal via the
antenna unit 11. Furthermore, the RF unit 12 arrgdipower. Furthermore, the RF unit
12 may have a function of controlling transmit pewEhe RF unit 12 is also referred to
as a transmit power control unit.

[0131]

FIG. 17 is a schematic block diagram illustratingomfiguration of the base
station apparatus 3 in the present embodimentllAstiated, the base station apparatus 3
is configured to include a radio transmission andézeption unit 30 and a higher layer
processing unit 34. The radio transmission andéoeption unit 30 is configured to
include an antenna unit 31, an RF unit 32, andseband unit 33. The higher layer
processing unit 34 is configured to include a mediaccess control layer processing unit
35 and a radio resource control layer processing3f The radio transmission and/or
reception unit 30 is also referred to as a trant@mnit receiver or a physical layer
processing unit.

[0132]

The higher layer processing unit 34 performs preogsof the Medium Access
Control (MAC) layer, the Packet Data Convergencet&rol (PDCP) layer, the Radio
Link Control (RLC) layer, and the Radio Resourcen@ol (RRC) layer.

[0133]

The medium access control layer processing unin8kuded in the higher layer
processing unit 34 performs processing of the MedAccess Control layer.
[0134]

The radio resource control layer processing unitr@uded in the higher layer
processing unit 34 performs processing of the R&#eource Control layer. The radio
resource control layer processing unit 36 generateacquires from a higher node,
downlink data (transport block) allocated on a pbgsdownlink shared channel, system
information, an RRC message, a MAC Control Elem{@#), and the like, and outputs
the generated or acquired data to the radio trassion and/or reception unit 30.
Furthermore, the radio resource control layer pssagg unit 36 manages various types of
configuration information/parameters for each of terminal apparatuses 1. The radio
resource control layer processing unit 36 may setous types of configuration
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information/parameters for each of the terminalappuses 1 via the higher layer signal.
Namely, the radio resource control layer processinig 36 transmits/broadcasts
information indicating various types of configum@tiinformation/parameters. Namely,
the radio resource control layer processing unitraésmits/broadcasts the random
access configuration information to each of thenieal apparatuses 1.

[0135]

The functionality of the radio transmission anddeception unit 30 is similar to
the functionality of the radio transmission andreception unit 10, and hence description
thereof is omitted. However, the radio transmisgieception unit 30 may have a function
for transmitting random access configuration infatman.

However, the radio transmission/reception unit 3yrhave a function for
transmitting information to specify a plurality aplink precoding available for
transmission of a random access preamble. Howélvemadio transmission/reception
unit 30 may have a function for receiving a randaccess preamble.

[0136]

Each of the units having the reference signs 1D6toncluded in the terminal
apparatus 1 may be configured as a circuit. Eadih@funits having the reference signs
30 to 36 included in the base station apparatusa® be configured as a circuit.

[0137]

Aspects of the terminal apparatus 1 and the bad@stapparatus 3 according to
an aspect of the present invention will be desatibelow.
[0138]

(1) The first aspect of the present invention igem@minal apparatus 1 including a
reception unit 10 to receive information identifgimne or more precoding (also referred
to as uplink precoding or beam) available for trarssion of a random access preamble,
a selection unit 14 to select one precoding frommdhe or more precoding, and a
transmitting unit 10 to transmit the random acgaesamble using the selected one
precoding.

[0139]

(2) In the first aspect of the present inventidme teception unit 10 receives
information related to PRACH resource correspondmegach of the one or more
precoding, the selection unit 14 selects one PRAEdburce corresponding to the
selected one precoding from the PRACH resourceesponding to each of the one or
more precoding, and the transmission unit 10 tratssthe random access preamble using
the selected one PRACH resource.

[0140]

(3) In the first aspect of the present inventidre teception unit 10 receives

information related to one PRACH resource, andtifme resource used for transmission
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of the random access preamble is determined basdkeoselected one precoding and the
one PRACH resource.
[0141]

(4) In the first aspect of the present inventidre selection unit 14 randomly
selects the one precoding from the one or morequiag.
[0142]

(5) In the first aspect of the present inventidre selection unit 14 selects the one
precoding from the one or more precoding according predetermined rule.
[0143]

(6) In the first aspect of the present inventidre selection unit 14 selects the one
precoding from the one or more precoding basederréceived power of the signal
received from the base station apparatus 3.

[0144]

(7) The second aspect of the present inventiontesrainal apparatus 1, including
a reception unit 10 to receive information idenitity one or more random access
preambles available for transmission of a randooeas preamble, a selection unit 14 to
select one random access preamble from the oneoog available random access
preambles, and a transmission unit 10 to transimeitstelected random access preamble
using the one preamble sequence associated witbeleeted random access preamble
and the one precoding, each of the one or moreoranaccess preambles is associated
with one preamble sequence and one precoding (afeored to as uplink precoding or
beam).

[0145]

(8) In the second aspect of the present inventiloe,one preamble sequence is
identified by one root sequence and one cyclictshif
[0146]

(9) The third aspect of the present invention reni@al apparatus 1, including a
reception unit 10 to receive information relatedatplurality of groups and receive
information for identifying one or more availablandom access preambles included in
each of the plurality of groups (also referred soaapreamble group), a selection unit 14
to select one group from the plurality of groupsl aelect one random access preamble
out of one or more available random access preasrihlduded in the selected one group,
each of the plurality of groups being associatethwine precoding out of the one or
more available precoding (also referred to as Wptirecoding or beam), and a
transmission unit 10 to transmit the selected ar@lom access preamble using the one
precoding associated with the selected one group.

[0147]

(10) The fourth aspect of the present invention lsase station apparatus 3

including a transmission unit 30 to transmit inf@tion for identifying one or more
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precoding (also referred to as uplink precodindbeam) available for transmission of a
random access preamble by a terminal apparatuselgegption unit 30 to receive the
random access preamble transmitted using one piegad the one or more available
precoding.

[0148]

(11) In the fourth aspect of the present inventithre, transmission unit 30
transmits information related to PRACH resourceresponding to each of the one or
more precoding, and the reception unit 30 recettiesrandom access preamble
transmitted using the one precoding in the PRAC$buece corresponding to the one
precoding among the PRACH resources correspondirgath of the one or more
precoding.

[0149]

(12) In the fourth aspect of the present inventithre, transmission unit 30
transmits information related to one PRACH resousral the reception unit 30 receives
the random access preamble with a time resourte tetermined based on the one
precoding and the one PRACH resource.

[0150]

(13) The fifth aspect of the present invention isase station apparatus 3,
including a transmission unit 30 to transmit inf@tion for identifying one or more
random access preambles available for transmissi@random access preamble by the
terminal apparatus 1, and a reception unit 30 teine the transmitted one random
access preamble using the one preamble sequenceiassl with the one random access
preamble out of the one or more random access grkesnand the one precoding, each of
the one or more random access preambles is assdaiath one preamble sequence and
one precoding (also referred to as uplink precodingpeam).

[0151]

(14) In the fifth aspect of the present inventitime one preamble sequence is
identified by one root sequence and one cyclictshif
[0152]

(15) The sixth aspect of the present invention bmae station apparatus 3,
including a transmission unit 30 to transmit inf@aton related to a plurality of groups
and transmit information for identifying one or necaivailable random access preambles
included in each of the plurality of groups by améal apparatus 1, and a reception unit
30 to receive one random access preamble out obrileeor more available random access
preambles included in the one group transmittedgishe one precoding associated with
one group of the plurality of groups, each of therality of groups being associated with
one precoding out of the one or more available pdérg (also referred to as uplink
precoding or beam).

[0153]
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(16) According to a seventh aspect of the presevgntion is a terminal apparatus
1, including a selection unit 14 to select a fps¢coding from a plurality of available
precoding (also referred to as uplink precodindpeam) and select a first random access
preamble from a plurality of available random ascpseambles; a transmission unit 10
to transmit the first random access preamble taselstation apparatus using the first
precoding; a reception unit 10 to monitor a randmuess response corresponding to the
first random access preamble; and a counter untblidcrement a value of a counter in a
case that a reception of the random access respomse successful, wherein the
selection unit 14 selects a second precoding freenpiurality of available precoding and
selects a second random access preamble from tinalipy of available random access
preambles, if the value of the counter does nothempredetermined value in a case that
the value of the counter is incremented, wheremttAnsmission unit 10 transmits the
second random access preamble using the seconddingcto the base station apparatus
3.

[0154]

(17) In the seventh aspect of the present inventiavided is a power control
unit 12 to set a first power that is a target rgedipower in a case of transmitting the
first random access preamble and a second poweislaatarget received power in a case
of transmitting the second random access preamiierein the first power and the
second power are set based on a value of the counte
[0155]

(18) In the seventh aspect of the present inveniio@ case that the value of the
incremented counter is a predetermined value, ¢gitersd power is set to a value greater
than the first power.

[0156]

(19) The eighth aspect of the present inventioa isrminal apparatus 1 including:
a transmission unit 10 to transmit a plurality ahdom access preambles to which a
plurality of precoding different from each othetd@areferred to as uplink precoding or
beam) are applied, to a base station apparatuse;eption unit 10 to monitor random
access responses corresponding to the pluralityaosmitted random access preambles;
and a counter unit 14 to increment a value of anteuin a case that a reception of the
random access response is not successful, whdreitransmission unit 10 transmits
again the plurality of random access preambleshiwthe plurality of precoding are
applied, to a base station apparatus 3, if theevaluthe counter does not reach a
predetermined value in a case that the value otthmter is incremented by 1.

[0157]

(20) In the eighth aspect of the present inventepower control unit 12 to set a

target received power in a case of transmittinggheality of random access preambles
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is included, wherein the target received poweniseased each time a value of the
counter is incremented.
[0158]

(21) The ninth aspect of the present invention baae station apparatus 3
including: a transmission unit 30 to transmit infation for identifying one or a plurality
of precoding (also referred to as uplink precodandeam) available for a terminal
apparatus 1; and a reception unit 30 to receiv@ndaom access preamble transmitted
from the terminal apparatus 1 using one precodinth® one or the plurality of
precoding, wherein the transmission unit 30 transrifie received random access
preamble and a random access response correspatodihg one precoding.

[0159]

(22) The 10th aspect of the present invention terminal apparatus 1 including a
reception unit 10 to receive a plurality of randastess configuration information, a
selection unit 14 to select one random access gardtion information to be used in the
random access procedure out of the plurality otloan access configuration information,
and a transmission unit 10 to transmit a randoness@reamble based on the selected
one random access configuration information.

[0160]

(23) In the 10th aspect of the present inventibie, transmission unit 10 transmits
the random access preamble using one precodinigeodrie or more available precoding,
in a case that the one or more precoding (alsamedeto as uplink precoding or beam)
available for transmitting the random access prdantincluded in the selected one
random access configuration information.

[0161]

(24) In the 10th aspect of the present inventibie, ane random access
configuration information is selected based on @ppgation path characteristic between
the base station apparatus 3 and the terminal appaf.

[0162]

(25) In the 10th aspect of the present inventitie, dne random access
configuration information is randomly selected.
[0163]

(26) In the 10th aspect of the present inventitwe, plurality of random access
configuration information is received with a dowmkticarrier different from the downlink
carrier corresponding to the uplink carrier usedtfansmitting the random access
preamble.

[0164]

(27) The 11th aspect of the present invention bsise station apparatus 3
including a transmission unit 30 to transmit a plity of random access configuration
information to the terminal apparatus 1, and a p&o@ unit 30 to receive a random
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access preamble transmitted from the terminal agtparbased on one random access
configuration information of among the plurality cindom access configuration
information.

[0165]

(28) In the 11th aspect of the present inventibe, reception unit 30 receives the
transmitted random access preamble using one piegad the one or more available
precoding from the terminal apparatus 1, in a ¢hsé the one or more precoding (also
referred to as uplink precoding or beam) availdbletransmitting the random access
preamble is included in the one random access gardtion information.

[0166]

(29) In the 11th aspect of the present inventibie, ane random access
configuration information is selected based on @ppgation path characteristic between
the base station apparatus 3 and the terminal app=af.

[0167]

(30) In the 11th aspect of the present inventitie, ane random access
configuration information is randomly selected b tterminal apparatus 1.

[0168]

(31) In the 11th aspect of the present inventitwe, plurality of random access
configuration information is transmitted with a dekwk carrier different from the
downlink carrier corresponding to the uplink carnised for transmitting the random
access preamble.

[0169]

A program running on an apparatus according tosgreet of the present invention
may serve as a program that controls a Centrald3sing Unit (CPU) and the like to
cause a computer to operate in such a manner@alae the functions of the
embodiment according to an aspect of the presesminition. Programs or the information
handled by the programs are temporarily stored volatile memory such as a Random
Access Memory (RAM), or a non-volatile memory swsha flash memory, a Hard Disk
Drive (HDD), or another storage system.

[0170]

A program for realizing the functions of the emboént according to one aspect
of the present invention may be recorded in a caewmpreadable recording medium. Also,
it may be realized by causing a computer systeme&a a program recorded on this
recording medium for execution. It is assumed that"computer system" refers to a
computer system built into the apparatuses, ancomeputer system includes an
operating system and hardware components suclpasigheral device. Further, the
"computer-readable recording medium” may be a sendactor recording medium, an
optical recording medium, a magnetic recording media medium that holds a program
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dynamically for a short period of time, or anotlmecording medium that can be read by a
computer.
[0171]

Furthermore, each functional block or various clbtegstics of the apparatuses
used in the above-described embodiment may be imgxi¢ed or performed on an
electric circuit, for example, an integrated cirtcai multiple integrated circuits. An
electric circuit designed to perform the functiatesscribed in the present specification
may include a general-purpose processor, a Di§tghal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), aefld Programmable Gate Array
(FPGA), or other programmable logic devices, disemgates or transistor logic, discrete
hardware components, or a combination thereof. Jdreeral-purpose processor may be a
microprocessor or a processor of known type, arobler, a micro-controller, or a state
machine. The above-mentioned circuits may be cartstl of a digital circuit, or may be
constituted of an analog circuit. Furthermore, icage that with advances in
semiconductor technology, a circuit integrationhiealogy appears that replaces the
present integrated circuits, it is also possibleise new integrated circuit based on the
technology in one or more aspects of the presergntion.

[0172]

Note that the invention of the present patent aggtion is not limited to the
above-described embodiments. In the embodimentarappses 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 camoation 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,@hdr household apparatuses.

[0173]

The embodiments of the present invention have losscribed in detail above
referring to the drawings, but the specific configtion is not limited to the embodiments
and includes, for example, an amendment to a desianfalls within the scope that does
not depart from the gist of the present inventibarthermore, in an aspect of the present
invention, various modifications are possible witlhihe scope of the present invention
defined by claims, and embodiments that are madgultably combining technical
means disclosed according to the different embodisare also included in the technical
scope of the present invention. Furthermore, aigom&tion in which constituent
elements, described in the respective embodimemshaving mutually the same effects,
are substituted for one another is also includethentechnical scope of the present
invention.

Industrial Applicability
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[0174]

An aspect of the present invention can be utilimedor example, a
communication system, a communication apparatusgfample, a mobile phone
apparatus, a base station apparatus, a wirelessdpydratus, or a sensor device), an
integrated circuit (for example, a communicationpghor a program.

Reference Signs List
[0175]
1 (1A, 1B) Terminal apparatus
3 Base station apparatus
4 Transmission and/or Reception Point (TRP)
10 Radio transmission and/or reception unit
11 Antenna unit
12 RF unit
13 Baseband unit
14 Higher layer processing unit
15 Medium access control layer processing unit
16 Radio resource control layer processing unit
30 Radio transmission and/or reception unit
31 Antenna unit
32 RF unit
33 Baseband unit
34 Higher layer processing unit
35 Medium access control layer processing unit
36 Radio resource control layer processing unit
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Claims

[Claim 1]

A terminal apparatus, comprising:

a reception unit to receive multiple pieces of ramdaccess configuration
information;

a selection unit to select one piece of random sscenfiguration information to
be used in a random access procedure out of thepteupieces of random access
configuration information; and

a transmission unit to transmit a random accesambée on the basis of the
selected one piece of random access configuratiformation.

[Claim 2]

The terminal apparatus according to claim 1,

wherein the transmission unit transmits the randmmess preamble using one
precoding out of one or a plurality of availablepoding, in a case that the one or the
plurality of precoding available for transmittinget random access preamble is included
in the selected one piece of random access cordigur information.

[Claim 3]

The terminal apparatus according to claim 1,

wherein the one piece of random access configundatitormation is selected on
the basis of a propagation path performance betvaelesse station apparatus and the
terminal apparatus.

[Claim 4]

The terminal apparatus according to claim 1,

wherein the one piece of random access configundtitormation is randomly
selected.

[Claim 5]

The terminal apparatus according to claim 1,

wherein the multiple pieces of random access caméitjon information is
received with a downlink carrier different from awinlink carrier corresponding to an
uplink carrier to be used for transmitting the randaccess preamble.

[Claim 6]
A base station apparatus, comprising:
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a transmission unit to transmit multiple piecegafidom access configuration
information to a terminal apparatus; and

a reception unit to receive a random access preamndhsmitted from the terminal
apparatus on the basis of one piece of random acmasiguration information out of
multiple pieces of random access configuration linfation.

[Claim 7]

The base station apparatus according to claim 6,

wherein the reception unit receives the random ss€peeamble transmitted from
the terminal apparatus using one precoding outnef ar a plurality of available
precoding, in a case that the one or the pluralftprecoding available for transmitting
the random access preamble is included in the oaxeepf random access configuration
information.

[Claim 8]

The base station apparatus according to claim 6,

wherein the one piece of random access configundatitormation is selected on
the basis of a propagation path performance betwleemase station apparatus and the
terminal apparatus.

[Claim 9]

The base station apparatus according to claim 6,

wherein the one piece of random access configundtitormation is randomly
selected by the terminal apparatus.

[Claim 10]

The base station apparatus according to claim 6,

wherein the multiple pieces of random access caméigon information is
transmitted with a downlink carrier different fromdownlink carrier corresponding to an
uplink carrier to be used for transmitting the randaccess preamble.

[Claim 11]

A communication method used for a terminal appaatemprising:

receiving a multiple pieces of random access caméigon information;

selecting one piece of random access configuratitbormation to be used in a
random access procedure out of the multiple pieéegandom access configuration
information; and

transmitting a random access preamble on the lodiglse selected one piece of
random access configuration information.
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[Claim 12]

The communication method according to claim 11,

wherein the random access preamble is transmitt@tgwne precoding out of one
or a plurality of available precoding, in a casattthe one or the plurality of precoding
available for transmitting the random access prdansincluded in the selected one
piece of random access configuration information.

[Claim 13]

The communication method according to claim 11,

wherein the one piece of random access configundatitormation is selected on
the basis of a propagation path performance betvaelesmse station apparatus and the
terminal apparatus.

[Claim 14]

The communication method according to claim 11,

wherein the one piece of random access configunatitormation is randomly
selected.

[Claim 15]

The communication method according to claim 11,

wherein the multiple pieces of random access caméitjon information is
received with a downlink carrier different from awinlink carrier corresponding to an
uplink carrier used for transmitting the random esx preamble.

[Claim 16]

A communication method used for a base station gipa, comprising:

transmitting multiple pieces of random access aguriation information to a
terminal apparatus; and

receiving a random access preamble transmitted trarerminal apparatus on
the basis of one piece of random access configurdtiformation out of the multiple
pieces of random access configuration information.

[Claim 17]

The communication method according to claim 16,

wherein the random access preamble transmitted thenterminal apparatus using
one precoding out of one or a plurality of availprecoding is received, in a case that
the one or the plurality of precoding available fransmitting the random access
preamble is included in the one piece of randomeas@onfiguration information.
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[Claim 18]

The communication method according to claim 16,

wherein the one piece of random access configundtitormation is selected on
the basis of a propagation path performance betwlkemase station apparatus and the
terminal apparatus.

[Claim 19]

The communication method according to claim 16,

wherein the one piece of random access configundtitormation is randomly
selected by the terminal apparatus.

[Claim 20]

The communication method according to claim 16,

wherein the multiple pieces of random access caméigon information is
transmitted with a downlink carrier different froandownlink carrier corresponding to an
uplink carrier to be used for transmitting the randaccess preamble.
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