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DESCRIPTION

Title of Invention

TRANSMITTER, RECEIVER, TRANSMISSION METHOD, AND

RECEPTION METHOD

Technical Field
[0001] The present invention relates to a transmitter apparatus, a

receiver apparatus, a transmission method, and a reception method.

Backgroun& Art

[0062] in 3GPP LTE (3rd Generation Partnership Project
Long-term Evolution, hereinafter, simply referred to as “LTE”) and
LTE-Advanced (hereinafter, stmply referred to as “LTE-A™),
Sounding Reference signal (SRS) is used as a reference signal for
measuring uplink receiving quality (refer to Non-Patent Literature
1).- Te be more specific, SRS inciudes P-SRS (Periodié SRS) and
DA-SRS (Dynamic Aperiodic SRS). For both types of SRS, SRS
transmission timing is controlled according to frigger information
transmitted from a base station to a terminal. However, while the
P-SRS is controllied by a high-order layer, the DA-SRS is
controlled by a control channel (that is, PDCCH) of a physical
laver.

(006037 In order to transmit the SRS from a terminal to a base
station, SR8 resources (hereinafter, referred to as “common
resources”) which are common to all terminals are set. A
notification of these common resources is performed with the cell
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units. For example, if a notification indicating that the common
resources are first, third and eighth subframes is performed z‘;sing
control information, all terminals in a cell stop transmission of
data signals during a predetermined time period (specifically, a
final symbol) of ea‘ch of the first, third and eighth subframes, and
use the time period as a transmission resource of a reference
signal.

[0004] In addition, information regarding a resource (that is,
parameters used to identify a resource} which is practically
allocated to each terminal in the common resources includes
leading subframe, se¢t band, transmission bandwidth, frame interval
at which an SRS is mapped, and tfransmission fime or the like.
Each terminal is notified of this information by a high‘ernorder
layver than a physical layer.

[06005] Furthermore, SRSs are scrambled by an orthegonal
sequence in each terminal and then transmitted. Furthermore, for
a terminal that performs MIMO communication introduced in
LTE-A, an SRS transmitted from each antenna port is scrambled by
an orthogonal sequence and transmitted. That is, SRSs
transmitted from a plurality of terminals or a terminal fhat
performs MIMO communication are code-division multiplexed and
transmiited.

[0006] Here, as the orthogonal sequence, a cyclic shift sequence
(CS sequence) is used. More specifically, the terminal generates a
transmission sequence used by the terminal itself by applying a
cyelic shift corresponding to one of cyclic shift amounts 0 to 7
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notified of from the base station (that is, notified by 3 bits) fo a
basic sequence generated by a ZC (Zadoff Chu)} sequence. To be
more specific, the terminai applies a cyclic shift to the basic
sequence by a cyclic s};ift amount x symbo! length/16 (ms) notified
of from the base s.‘tation. FIG. 1 shows ‘a si{ﬁa"nign‘iﬁ Whi‘.c‘h a basic
sequence is cyclically shifted by 1/4 symbel. On an LTE or LTE-A
uplink, an SRS is arranged for every two subcarriers.
Furthermore, on an LTE or LTE-A uplink, the same waveform is
repeated twice Wi»thin one symbol. For this reason, a waveform
obtained by a cyclic shift of (8 tlo 15)Yxsymbol lengthll’.é (ms) is
identical to a waveform obtained by a cyclic.shift of (0 to
7ixsymbol length/16 {ms).

[0007] When SRSs are transmitted from a plurality of antennas of
one terminal (that is, in a case of MIMO communication), if the
base station notifies the terminal of cyclic shift amounts at all
antennas, the signaling amount becomes enormous. -Such a
problem is solved by a method of notifying of a cyclic shift amount
disclosed in, for example, Non-Patent Literature 2. According
to this method, a base station and a terminal share an offset pattern
about offset values of cyclic shift amounts of a second antenna port,
a third antenna port, and a fourth antenna port from the cyelic shift
amount corresponding to a first antenna port (hereinafter, simply
referred to as "offset pattern™). Here, the offset pattern is fixed.
In this shared condition, the base station notifies the terminal of
the cyelic shift amount (CS0) of the first antenna port using 3 bits.
In this way, the terminal can calculate the respective cyclic shift
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amounts corresponding to the second antenna port, the third
antenna port, and the fourth antenna port from the notified cyelic
shift amount (CS0) of the first antenna port. That is, the cyclic
shift amount of an i-th antenna port can be calculated from C§; =
CS¢ + k mod §. Here, 1is an antenna port identification number (0
to 3) and k is an ;Jffset value of an antenna port with identification
number i with respect to the cyclic shift amount of the antenna port
with identification number 0.

[0008] FIG. 2 shows an example of correspondence table in which
with regard to eight cyclic shift améunt candidates of an antennsa
port with identification number O, four antenna port identification
pumbers are associated with cyclic éhift amounts corresponding to
the respective antenna port identification numbers.

[0009j  As is clear from FIG. 2, in the case of 4 antenna ports (that
is, the case of 4-antenna MIMO transmission), the offset patiern is
“Q, 4, 2, 6" (fori=0,1, 2, 3). On the other hand, in the case of 2
antenna ports (that is, the case of 2-antenna MIMO transmission),
the offset pattern is “0, 4” (for i=0, 1)}. Here, in FIG. 2, antenna
port 10 means a first antenna port when one antenna port is used.
Furthermore, antenna ports 20 and 21 mean first and second
antenna ports, respectively, when two anienna ‘ports are used.
Furthermore, antenna ports 40, 41, 42 and 43 mean first, second,
third and fourth antenna ports, respectively, when four antenna
ports are used. Using such offset patterns causes a CS interval to
become a maximum between antenna ports, and when SKSs are

transmitied from two antenna ports or when SRSs are transmitted

4



10

15

20

25

from four antenna ports, the SRS demultiplexing accuracy becomes
the highest. Furthermore, by causing the first two elements of the
offset pattern in the case of 4 antenna ports to match the offset
pattern in the case of 2 antenna ports, it is possible to use a
common correspondence table er the cases of 4 antenna ports and 2
antenna ports. A common correspondence téble may be used for

the cases of 1 antenna port, 2 antenna ports and 4 antenna ports as

well.

Citation List

Non-Patent Literature

[0010]
NPL 1
TS36.211 v8.5.0 “3GPP TSG RAN: Evolved Universal Terrestrial

Radio Access (E-UTRA); Physical Channels and Modulation™

NPL 2

R1-106007 (Mediatek Inc) Details on Aperiodic SRS

Summary of Invention

Technical Problem

{0011] However, as described above, when offset pattern “0, 4, 2,
6” is used in a fixed manner, in the case of 2 antenna éorts, CSs
cannot be allocated to the two antenna ports unless two CSs having
a 4-C8 interval are vacant, and on the other hand, in the case of 4
antenna ports, CSs cannot be allocated to the four antenna ports

unless four CSs having a 2-CS interval are vacant, That is, there
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is a problem that flexibility of resource allocation for SRSs is low.
To be more specific, when 4 antenna ports are used, all of cyclic
shift amounts “0, 2, 4, 6”7 or “1, 3, 5, 7" need to be unused. For
example, when cyclic shift amount “0™ is already used, if cyclic
shif alﬁoun.t “0, 2, 4, 6™ is further used at 4 antenna ports, cyelic
shift amounts “0” are simultanecusly transmitied from two
terminals and the base station cannot demultiplex them.

[0012] It is an object of the present invention to provide a
transmitter apparatus, a receiver apparatus, a trapsmission method,

and a reception method that improve flexibility of SRS resource

allocation without increasing an amount of signaling for

notification of a cyclic shift amount.

Solution to Problem

[0013] A transmitier apparatus according to an aspect of the
present invention 1is a ftransmitter apparatus that transmits
reference signals scrambled by a cyclic shift sequence from at least
some of L (L is a natural number egual to or greater than 2)
respective antenna perts, including: a receiving section that
receives setting information indicating a ﬁefcrence shift amount
given to a cyclic shift sequence used to scramble a reference signal
transmitted from a reference antenna port among the L antenna
ports; a specification section that specifies an amount of shift
given to a cyclic shift sequence used to scramble a reference signal
trapsmitted from each anteana port based on the setting

information and a correspondence in which 2 cyclic shift amount
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candidate is asscciated with each antenna port for each of reference

shift amount candidate groups having reference shift amounts 0 to

N-1 (N isan even number equal to or greater than 8); and a forming

section that forms a cyclic shift sequence based on the specified
amount of shift, fx} which’'in the correspondence, an offset pattern
made up of offset wvalues of cyclic shift émuunt candidates
associated with each antenna poft with respect to a reference shift
amount candidate of reference shift amount X (X is a natural
number from O to N/2-1 inclusive) i1s different from an offset
pattern made up of offset values of cyelic shift amount candidates
associated with each antenna port with respect to a reference shift
amount candidate of reference shift amount X%Nf’l.

[0614] A transmitter apparatus according to another aspect of the
present inventicn includes: a signal forming section that maps s
reference signal generated using information relating to a cyclic
shift amount fto a frequency resource corresponding to each of a
plu'.rality of antenna ports determined based on a first
correspondence or 2 secoﬁd correspondence; and a transmitting
section that transmits the reference signal mapped to the frequency
resource corresponding to each of the plurality of antenna ports, in
which the first correspondence which is a correspondence between
each of the plura.}_ity of antenna ports and the frequency resource
when the infoermation relating to the cyclic shift amount is X is
different from the second correspondence which  is a
correspondence between each of the plurality of antenna ports and

the frequency resource when the information relating to the cyclic
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shift amount is X+N/2 (where X is an integer from 0 to N/2Z-1
inclusive, and N is the number of candidates of the cyclic shift
amount).

[0015] A receiver apparatus according to an aspect of the present
invention is a receiver apparatus that receives a reference signal
scrambled by a cyclic shift sequence from at least some of L (L is 2
natural number equal to or greater than 2.) respective antenna ports,
including: a generation section that generates setting information
indicating a reference shift amount given to a cyclic shift sequence
used to scramble a reference signal transmitted from a reference
antenna port among the L antenna ports; a transmifting section that
transmits the setting information to a traﬁsmitter apparatus of the
reference signal; and a receiving section that specifies an amount
of shift given to a cyclic shift sequence used fo scramble a
reference signal treansmitted from each antenna port based on the
setting information and a correspondence in which a cyclic shift
amount candidate is associated with each antenna port for each of
reference shift amount candidate groups having reference shift
amounts 0 to N-1 (N is an evern number equal to or greater than 8)
and receives the reference signzal wvsing the specified amount of
shift, in which in the correspﬁndence, an offset pattern made up of
offset values of cyclic shift amount candidates associated with
each antenna port with respect to a referemce shift amount
candidate of reference shift amount X (X is a natural number from 0
to N/2-1 inclusive) is different from an offset pattern made up of

offset values of cyclic shift amount candidates associated with
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each antenna port with respect to a reference shift amount
candidate of reference shift amount X+N/2.

[00161 A receiver apparatus according to another aspect of the
present invention includes: a receiving section that receives a
reference signal mapped to a frequency rescurce corresponding to
each of a plurality of antenna ports determined based on a first
correspondence or a second correspondence, the reference signal
being generated using information relating to a cyclic shift amount;
and a channel quality measuring section that méasures channel
quality using the reference signal, in which the first
correspondence which is a correspondence between each of the
plurality of antenna ports and the frequency resource when the
informat-ion. relating to the.ceyclic shift amount is X is different
from the second correspandencer which is a correspondence between
each of the plurality of antenna ports and the frequency resource
when the informeation relating to the cyelic shift amount is X+N/2
(where X is an integer from 0 to N/2-1 inclusive, and N is the
number of candidates of the cyclic shift amount).

[0017] A transmission method according to an aspect of the
present invention is a ftransmission method for transmitting a
reference signal scrambled by a cyclic shift sequence from at least
some of L (L is a natural number equal to or greater than 2)
respective antenna ports, including: receiving setting information
indicating a reference shift amount given to a cyclic shift sequence
used to scrambie a reference signal transmitted from a reference

antenna port among the L antenna ports; specifying an amount of
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shift given to a cyclic shift sequence used to scramble a reference
signal transmitted from each antenna port based on the setting
information and a correspondence in which & c¢yclic shift amount
candidate is associated with each antenna port for each of reference
shift amount candidate groups having reference shift amounts 0 to
N-1 (N is an even number equal to or greater than 8); and forming a
cyclic shift sequence based on tﬁe specified amount of shift, in
which in the correspondence, an offset pattern made up of offset
values of cyelic shift amount candidates associated with each
anteana port with respect to a reference shift amount candidate of
reference shift amount X (X 1s a natural number from 0 to N/2-1
inclusive) is different from an offset patiern made up of offset
values of cyclic shift amount candidates associated with each
antenna port with respect to a reference shift amount candidate of
reference shift amount X+N/2.

[0018] A transmission method according to another aspect of the
present invention includes: mapping a reference signal generated
using information relating to a cyclic shift amount to a frequency
fasouroe corresponding te each of a plurality of antenma ports
determined based on a first correspondence or a second
correspondence; and transmitting the reference sigﬁa& mapped to
the frequency resource corresponding to each- of the plurality of
antenna ports, in which the first correspondence which is a
correspondence between each of the plurality of antenna ports and
the frequency resource when the information relating to the cyclic

shift amount is X is different from the second correspondence
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which i3 a correspondence between each of the plurality of antenna
ports and the frequency resource when the information relating to

the cyclic shift amount is X+N/2 (where, X i{s an integer from 0 to

.N/2-1 inclusive, N is the number of candidates of the cyclic shift

amount).

{0019}‘ A reception'method according %0 an aspect of the present
invention is a method for receiving a reference signai scrambied by
a cyclic shift sequence from at least some of L (L is a natural
number equai to or greé.ter thén 2) respective antenna ports,
inclnding: transmitting setting information indicating a reference
shift amount given to a cyclic shift sequence used to scramble a
reference signal transmitted from a reference antenna port among
the L anteuna poris to a irapsmitter apparatus of the reference
signal; specifying an amount of shift given to a cyelic shift
sequence used to scramble a reference signal transmitted frolm.-each
antenna port based on the setting information and a correspondence
in which a cvelic shift amount candidate is associated with each
antenna port for each of reference shift amount candidate groups
having reference shift amounts 0 to N-1 (N is an even number egual
to or greater than 8);, and receiving the reference signal using the
specified amount of shift, in which in the correspondence, an offset
pattern made up of offset values of cyclic shift amount candidates
associated with each antenna port with respect to a reference shift
amount candidate of reference shift amount X (X is a natural
number from 0 to N/2-1 inclusive) is different from an offset
pattern made up of offset values of cyclic shift amount candidates
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associated with each antenna port with respect to a reference shift
amount candidate of reference shift amount X+N/2.
T00201 A reception methed according to another aspect of the

present invention includes: receiving a reference signal mapped to

& frequency resource corresponding to each of a plurality of

antenna ports determined based on a first correspondence or a
second correspondence, the reference signal being generated using
information rc—:iating to a cyclic shift amouni; and measuring
channel quaiity' using the reference signal, in which the first
correspondence which is a carresponldenc“e 5e‘£ween cach of the
pluratity of antenna ports and the frequency resource when the
information relating to the cyclic shift amount is X is different
from the second correspondence which is a corfespondence between
each of the plurality of antenna ports and the frequency resource
when the information relating 1o the cyclic shift amount is X+N/2
(where X is an integer from 0 to N/2-1 inclusive, and N is the

number of candidates of the cyeclic shift amount).

Advantageous Effects of Invention

f0021] According to the present invention, it is possible to
provide & f{ransmitter apparatus, a receiver apparatus, a
transmission métﬁod, and a reception method that improves
flexibility of SRS resource allocation without increasing an amount

of signaling for notification of a cyciic shift amount.

Brief Description of Drawings
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[06022]

FIG. | is a diagram illustrating a situation in which a basic
sequence is cyclicatly shifted by a 1/4 symbol;

FIG. 2 is a diagram illustrating an example of a
correspondence table in which with regard to eight cyclic shift
amount candidates for an antenna por-i' with identification number 0,
four antenna port identification numbers are associated with eyclic
shift amounts corresponding. to the respective antenna port
identification numbers;

FIG. 3 is a principal configuration diagram of a base station
according to Embodiment 1 of the present invention;

FIG. 4 is a principal configuration diagram of a terminal
according to Embodiment 1 of the present invention;

FI1G. 5 is a block diagram illusirating a configuration of the
base station according to Embodiment 1 of the present invention;

FIG. 6 is a block diagram iliustrating a configuration of the
terminal according to Embodiment [ of the present invention;

FIG. 7 is a diagram illustrating a code resource setting rule
table according to Embodiment 1 of the present invention;

FIG. 8 is a diagram iIlustrating a code résource setting rule
table according to Embodiment 2 of the present invention;

FIG. 9 is a diagram illustrating inter-sequence interference;

FIG. 10 is a diagram illustrating an effect of using the code
resource setting rule tabie 1n FIG. §;

FIG. 11 is a diagram 1llustrating another code resource

setting rule table according to Embodiment 2 of the present
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invention;

FIG. 12 is a diagram illustrating a code resource setting rule
table according to Embodiment 3 of the present invention;

FIG. 13 is a diagram illustrating another code resource
setting rule table according to Embodiment 3 of the present
invention;

FIG. 14 is a diagram illustrating a code resource setting rule
table according to Embodiment 4 of the present invention;

FIG. 15 is a diggram illustrating a case where an offset
pattern applie‘d tol 2-antenna port transmission is assumed to bhe “0,
47;

FIG. 16 is a diagram illustrating a code resource setting rule
table according to Embodiment 5 of the present invention;

FIG. 17 is a diagra_m illustrating a code resource setting rule
table according to Embodiment 6 of the present invention;

FIG., 18 is a diagram illustrating a code resource setting rule
table according to Embodiment 7 of the present invention;

FIG. 19 is a diagram illustrating a problem with the
conventional correspondence table shown in FIG. 2,

FIG. 20 is a diagram illustrating a code frequency resource
setting rule table accordin'g to Embodiment 8 of the present
invention; and

FIG. 21 is a diagram illustrating another code frequency
resource setting rule table according to Embodiment § of the

present invention.
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Description of Embodiments

[0023] Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying drawings.
In addition, in the embodiments, the same constituent elements are
given the same reference numerals, and repeated description
thereof will be omirtted.

(060247 {(Embodiment 1)

[Overview of communication system]

A communication system according to Embodiment 1 of the
present invention includes base station 100 and terminal 200.
Base station 100 is an LTE-A base station, and terminai 200 is an
LTE-A terminal. Furthermore, terminal .206 transmits a reference
signal scrambled by a cyclic shift sequence obtained by applying a
cvelic shift to a basic sequence from at least some of L (L is a
natural number cqual to or greater than 2) antenna ports. Base
station 100 then receives the reference gsignal scrambled by a cyclic
shift sequence obtained by applying a cyeclic shift to a basic
sequenée from at least some of L (L is a natural number equal to or
greater than 2) antenna ports.

{00251 FIG. 3 is a principal configuration diagram of base station
100 according to Embodiment | of the present invention. In base
station 100, setting section 101 generates setting information
relating to a reference shift amount given to a cyclic shift sequence
tsed to scramble a reference signal transmitted from a reference
antenna port among L (L is a natural number egual to or greater

than 2) antenna ports. The generated setting information is
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transmitted to terminal 200 via transmission processing section 104.
Furthermore, reception processing section 108 specifies an actual
shift amount given to a byci.ic shift sequence used to scramble a
reference signal transmitted from each antenna port and receives
the reference signal using the specified actual shift amount based
on a correspondence in which a cyclic shift amount candidate is
associated with each antenna port and setting information for each
of reference shift amount candidate groups having shift amounts 0
to N-1 (N is an even number equal to or greater than 8) that a
reference ghift amount éan take. In ‘the aboye-described
correspondence, an offset pattern made up of offset values of cyclic-
shift amount candidates associated with each zntenna port with
respect to a reference shift amount candidate of shift ameunt X (X
is a natura!l number from 0 to N/2-1 inciusive) is different from an
offset pattern made up of offset values of cyclic shift amount
candidates associated with each antenna port with respect to a
reference shift amount candidate of X+N/2.

[0026] FIG. 4 is a principal configuration diagram of terminal
200 according to Embodiment 1 of the present invention. In
terminal 200, reception processing section 203 receives setting
information relating to a reference shiff: amount given to a cyclic
shift sequence used to scramble a reference signal transmitted from
a reference antenna port among the L antenna ports. Transmission
control section 206 specifies an actual shift amount given to a
cyclic shift sequence wused to scramble a reference signal

transmitted from each antenna port based on a correspondence in

16



14

15

20

25

which a cyclic shift amount candidate is associated with each
antenna port and the setting information for each of reference shift
amount candidate groups having shift amounts 0 to N-1 (N is an
even number eqguel to or greater than 8) that z reference shift
amount can take,. In the above-described correspondence, an
offset pattern made up of offset values of cyclic shift amount
candidates associated with each antenna port with respect to a
reference shift amount candidate of shift amount X (X is a natural
number from 0 to N/2-1 inclusive) is different from an offset
pattern made up of offset values of cyclic shift amount candidates
associated with each antenna port with respect to a reference shift
amount candidate of X+N/2. Transmission signal forming section
2&7 then maps a reférence' signal multiplied by the cyclic shift
sequence formed based on the specified actual shift amount.
[0027] [Configuration of base station 100]

FIG. 5 is a block dia'gram illustrating a configuration of base
station 100 according to Embodiment I of the present invention.
In FIG. 35, base station 100 includes setting section 101,
coding/modulation sections 102 and 103, transmission processing
section 104, transmitting section 105, antenna 106, receiving
section 107, reception processing section 108, data receiving
section 109, and receiving guality measuring section 110.

[0028] Setting section 101 generates “candidate resources setting
information” for setting s “candidate resource” of setting target
terminal 200. This candidate resource is a resource to which

setting target terminal 200 can map an SRS. The candidate

17



10

1%

20

resource setting information can be divided into “time/frequency
resource setting information™ and “code resource setting
information.” The time/frequency resource setting information
includes a leading subframe and a leading frequency band at which
setting target terminal 200 starts to set a candidate resource and a
frequency bandwidth or the like available to setting target terminal
2006. Furthermore, the co-de resource setting informatioln igc}_ud{es
“information relating to a cyclic shift amount™ or the like. Here,
the “information relating to a cyclic shift amount” is information
relating io a shrift amount of 2 cyclic shift sequence used for SRSs
transmitted from a reference antenna port which serves as =z
refrerez;ce. Here, particularly, a cyclic shift amount regarding an
antenﬁa port whose antenna port identification information is zero
is used as the “information relating to a cyéiié smft 'ain:oun't‘”
(60291 When the SRS that setting target terminal 200 is
instructed to transmit is a DA-SRS in particular, setting section
101 generates trigger information for imstructing terminal 200 to
start transmission of a DA-SRS. When the SRS is a P-SRS,
information relating to a trigger to start transmission of a P-SRS is
inciuded in, for example, time/frequency resource setting
information.

F0030] As described above, the candidate resource setiing
information generated by setting section 101 is transmitted as
setting information to sefting target terminal 200 via
coding/modulation section 102, transmission processing section

104, and transmitting section 105. Furthermore, the trigger
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information is likewise transmitted to setting target terminal 200
via coding/modulation section 102, transmission processing section
104, and transmitting section 105. Furthermore, the setting
information and the frigger information are also outputted to
reception processing section 108.

[0031] In addition, setting section 101 generates allocation
control information which includes resource (RB) allocation
information and MCS information regarding one or a plurality of
transport'biocks (TB)}. The allecation control information .is
constituted by allocation control information regarding an uplink
resource (for example, PUSCH (Physical Uplink Shared Channel})
for allocating uplink data, and allocation control information
regarding a downlink resource (for example, PDSCH (Physical
Downlink Shared Channei)) for aillocating downlink data. in
addition, the allocation control information regarding the uplink
resource is outputted to coding/modulation section 102 and
reception processing section 1908, and the allocation control
information regarding the downlink resource is outputted to
coding/modulation section 102 and iransmission processing section
104.

[0032] Here, a notification of the setting information is sent from
base station 100 to terminal 200 as high-order layer information
(that 1is, through RRC signaling). On the other hand, a
notification of the allocation control information and the trigger
information is sent from base station 100 to terminal 200 using

PDCCH (Physical Downlink Contirol Channel), In other words,
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while the setting information has a relatively long notification
interval {that is, the notification is performed at a refatively long
interval), the allocation control information and the trigger
information have a short notification interval (that 1is, the
notification is performed at a short interval}.

[0033] Coding/modulation section 102 codes and modulates the
setting information, the trigger information, and the allocation
control information received from setting section 101, and outputs
the obtained modulation signal to transmission processing section
104. |

[0034] Coding/modulation section 103 codes and modulates an
input data signal, and outputs the obtained moduiation signal to
transmission processing section 104. |

{0035} Transmission processing section 104 maps the modulatio:

signals received from coding/modulation section 102 eand
coding/modulation section 103 to a resource indicated by the
downlink resource allocation information received from setting
section 101, thereby forming a fransmission signal. Here, in a
case where the transmission signal is an OFDM signal, the
modulation signals are mapped to a resource indicated by the
downlink resource allocation i1aformation received from setiting
section 101, are transformed into a time waveform through an
inverse fast Fourier transform {IFFT) process, and have CP {Cyclic
Prefix) added thereto, thereby forming an OFDM signal,

[0G36] Transmitting section 105 performs wireless processes
{up-conversion, digital-analeg (D/A) conversion, and the like} on
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the transmission signal received from iransmission processing
section 104, and transmits a resultant signal via antenna 106,
[0037] Receiving section 107 performs wireless processes
(down—eonversién, analog-digital (A/D) conversion, and the like)
on a wireless signal received via antenna 106, and outputs the
obtained recéivéd sz’gnal- to reception processing section 108,
[0038] Reception processing section 108 specifies a rescurce to
which the uplink data signal and ACK/NACK information are
mapped based on the uplink resource allocation information
received from setting seétion 101, and extracts a signal component
mapped to the specified resource from the received signal.

[0039] In addition, reception processing section 108 specifies a
rescﬁirce to which the SRS is mapped based on the setting
information and the trigger information received from setting
section 101.

1006401 To be more specific, reception processing section [08
specifies a time/frequency rescurce to which the SRS is mapped
based on the “time/frequency resource setting information”™ and the
trigger information. Furthermore, reception processing section
108 specifies a code resource to which the SRS is mapped (that is,
cyclic shift amount of a cyclic shift sequence used to transmit the
SRS) based on the “code resource setting information”™ and the
“code resource setting rule table.”

[0041] Reception processing section 108 then generates a
plurality of cyelic shift sequences (that is, cyclic shift sequence
set} corresponding to the plurality of specified cyclic shift amounts.
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Reception processing section 108 then extracts a signal component
mapped to the specified time/frequency resource from the received
signal and demultiplexes the plurality of code-multiplexed SRSs

using the generated cyelic shift sequence set.

[0042] Here, in a case where the received signal is a spatially

muitip]‘t_zxed signal (that is, transmitted using a plurality of code
words (CWs)), reception processing section 108 demultiplexes the
rece.ived signal for each CW. In addition, in a case where the
received signal is an OFDM signal, reception processing section
108 transforms the received signal into a time domain signal by
performing an IDFT (Inverse Discrete Fourier Transform) process
on the extrected signal component.

{00431 - ’fhe uplink data signal and the ACK/NACK information

extracted by reception processing section 108 in this way are

outputted to data receiving section 109, and the SRS is outputted to

receiving quality measuring section 110.
[0044] Dats receiving section 109 decodes the signal received

from reception processing section 108, Thereby, the uplink data

and the-ACK/NACK information are obtained,

[0045] Receiving quality measuring section 110 measures
receiving quality of each frequency resource unit on the basis of
the SRS received from reception processing section 108, and
outputs receiving quality information.

{00467 1In addition, a notification of the setting information (the
candidate resource setting information and the transmission method
setting information) is preferably performed using high-order layer
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information in which a notification interval is long from the
viewpoint of signaling in a case where traffic circumstances do not
vary in a cell of base station 100 or average receiving quality is
desired to be measured. 1In addition, a notification of a portion or
all of these various offset amounts is performed as broadcast
information, %hereby. further reducing a notification amount.
However, in a case where the setting information is required to be
more dynamically changed depending on traffic circumstances or
the like, a notification of a portion or all of these offset amounts Is
preferably performed using PDCCH in which a notification interval
is short.

[0047] (Configuration of terminal 200]

FIG. 6 is a block diagram illustrating a configuration of
terminal 200 according to Embodiment 1 of the present invention.
Here, terminal 200 is an LTE-A terminal.

[6048] In FIG. 6, terminal 200 includes antenna 201, receiving
section 202, reception processing section 203, reference signal
genergtion section 204, data signal generation section 205,
transmission control section 206, transmission signal forming
section 207, and transmitting section 208

060491 Receiving section 202 performs wireless processes
(down-conversion, analog-digital (A/D) conversion, and the like)
on a wireless signal received via antenna 201, and outputs the
obtained received signal to reception proc.:;;sing. section 203.
[0050] Reception processing section 203 extracts the setting

information, the allocation control information, the trigger
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information, and the data signal included in the received signal.
Reception processing section 203 outputs the setting information,
the allocation control information, and the trigger information to
transmission control section 206. In addition, reception
nrocessing section 203 performs an error detection process on the
extracted data signal, and outputs ACK/NACK information
corresponding to the error detection result to data signal
generation section 2035,

[0051] ._ When a generation instruction signal is receive& from

transmission control section 206, reference signal generation

" section 204 generates a reference signal which is outputted to

transmission signal forming section 207.

[0052] Data signal generation section 205 receives the
ACK/NACK information and transmission data, and codes and
modultates the ACK/NACK information and the fransmission data
on the basis of MCS information received from t{ransmission
control section 206, thereby generating a data signal. In a case of
Non-MIMO transmission, & data signal is generated using a single
code word (CW), and, in a case of MIMO transmission, & data
signal is genefated using two (or a plurality of} code words. In
addition, in a case where the received signal is an OFDM signal,
data signal generation section 205 also performs a2 CP removal
process and an FFT process.

[0053] | Transmission control section 2006 sets a candidate resource
to which its own terminal maps the SRS. To be more specific,

transmission  control section 206 specifies a candidaie
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time/frequency resouvrce on the basis of the setting information (the
time/frequency resource setting information) received from
reception processing section 203. Furthermore, transmission
control section 206 specifies a candidate code resource (that is,

cyclic shift amounf of a cyclic shift sequence used to transmit the
SRS) based on the setting information (code resource setting
information) received from reception processing section 203 and
the “code resource setting rule table.” When the trigger
information is received from reception processing section 203,
transmission control section 206 ocutputs information relating to a
cyclic shift amount of a cyclic shift sequence used to transmit the
SRS to transmission signal forming section 207. The candidate
code resource set in terminal 200 will be described in detail later.

[0G54] 1n addition, when the trigger information is received from
reception processing section 203, transmission control section 206
determines an “RS mapping resource”™ to which the SRS is
practically mapped in the candidate time/frequency resource,
outpults information (hereinafter, also referred to as “RS mapping
resource information™) regarding the determined RS mapping
resocurce to transmission signal forming section 207, and also
outputs a generation instruction signal of a reference signal to
reference signal generation section 204.

[0055] In addition, transmission control section 206 specifies a
“data mapping resource™ to which the data signal is mapped on the
basis of the allocation control information received from reception
processing section 203, outputs information (hereinafter, referred
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to as “data mapping resource information™) regarding the data
mapping resource to transmission signal forming section 2087, and
also outputs the MCS infoermation included in the allocation control
information to data signal generation section 205,

[0056] Transmission signal forming section 207 maps the SRS
received from referencé signal generation section 204 to an RS
mapping resource indicated by the RS mapping information.
Trangmission signal forming section 207 then applies a cycelic shift
corresponding to information regarding the cyclic shift amount
received from transmission control section 206 to a reference
sequence, thereby generates a cyclic shift sequence set, and
multiplies the SRS mapped-to the RS mapping resource by the
cyclic shift sequence set. The SRSs multiplied by the plurality of
respective cyclic shift seguences lconstituting the cyclic shift
sequence set are transmitted from the corresponding antenna ports.
The plurality of SRSs are code-multiplexed énlthis way.

{00571 In addition, transmission signal forming section 207 maps
the data signal received from data signal generation section 205 to
a data mapping resource indicated by the data mapping resource
information. In this way, a {ransmission signal is formed. In
addition, in a case of Non-MIMO transmission, a data signal of one
code word is allocated to one layver, and, in a case of MIMO
transmission, a data signal of two (or a plurality of) code words is
allocated to a plurality of layers. Further, in a case where the
transmission signal is an OFDM signal, transmission signal

forming section 207 performs a DFT (Discrete Fourier Transform)
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process on the data signal which is then mapped to the data
mapping resource. In laddition, CP is added to the formed
transmission signal.
0058} Transmitting section 208 performs wireless processes
{up-conversion, digital-analog (D/A) conversion, and the like) on
the transmission signal formed by fransmission signal formingr
section 207, and transmits a resultant signal via antenna 201.
10059} [Operations of base station 100 and terminal 200]

Operations of base station 100 and terminal 200 having the
above-described configurations will be described. Here,
particularly, 2 candidate code resource setting process for setting
target terminal 200, a transmission process of an SRS using the
candidate code resource by terminal 200, and a reception process of
the SRS transmitted from terminal 200 by base station 100 will be
described. Furthenﬁore, particularly, a case will be described
where terminal 200 transmits SRSs using two antenna ports or four
antfenna ports.
{00607 <Candidate code resource setting process for setting
target terminal 200>

Setting section 101 generaies candidate code resource
setting information for setting & candidate code resource for
setting target terminal 200. To be more specific, setting section
101 generates information relating to a shift amount of a ecyclic
shift seguence used for an SRS transmitted from the reference
antenna port of setting target terminal 200. Here, particularly,

the cyclic shift amount regarding an antenna port whose antenna
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port identification information is zero is used as information
relating to the cyclic shift amount.
[0061] The candidate code resource setting information generated
in this way is transmitted to terminal 200.
{00627 <SRS transmission process using candidate code resousce
by terminal 200>

Transmission control section 206 sets a candidate code
resource to which its own terminal maps the SRS. To be more
specific, transmission control section 206 specifies a candidate
code resource (that is, cyclic shift amount of a cyclic shift
sequence used to transmit the SRS) based on the code resource
éetting information received from reception processing section 203
and a code resource setting rule table.
j0063] FIG. 7 is a diagram illustrating a code resource setting
rule table according te Embodiment I of the present invention. In

the code resource setting rule table, for esach of a plurality of

cyclic shift amount candidates of the reference antenna port, four

anienna port identification numbers are assoctated with cyclic shift
amounts corresponding to the respective antenna port identification
numbers. The number of cyclic shift amount cgndidates is 8 from
§ to 7. As described above, the reference antenna port is an
antenna port with identification number 0. Jn FIG. 7, basic offset
pattern “0, 4, 2, 67 is appliedr to cyclic shift amount candidates 0 to
3 of the antenna port with identification numBer 0, whereas an
offset pattern different from the basic offset pattern is applied to

cyclic shift amount candidates 4 to 7 of the antenna port with
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identification number 0. That is, in generalized expression,

~different offset patterns are applied to cyelic shift amount

candidate X and cyclic shift amount candidate X-+4 of the antenna
port with identification number 0. Particularly, the basic‘ offset
pattern 1is aprpiied to cyelic shift amount candidate X, Here, X is
an integer from 0 to 3 inclusive.

[0064] In further generalized expression, when the number of the
plurality of cyclic shift amount candidates of the reference antenna
port is assumed to be N (N is equal to or greater than 8 and power

of 2), different offset patterns are applied to cyclic shift amount

~candidate X and cyclic shift amount candidate X+N/2. Here, X 15

an integer from 0 to (N/2-1) inclusive. Alternatively, X may be
(X-N/2) mod N.

[0065] The flexibility of SRS resource allocation can be
improved by using such a code resource setting rule table inciuding
a plurality of offset patterns. Furthermore, by sharing the code
resource setting rule table between base station 100 and terminal
200 ©beforehand, base station 10§ needs only to transmit
information relating to the cyclic shift amount corresponding to the
reference antenna port to terminal 200, and can théreby prevent the
amount of signaling from increasing.

[0066] To be more specific, 2-antenna-port transmission allows
all shift amount pairs “0, 4.7 “1, 5,7 “2, 6™ and “3, 7" made up of
two c¢yelic shift amounts to be wused and 4-antenna-port
transmission allows both shift amount groups “0, 2, 4, 6™ and “1, 3,
5, 77 made up of four eyclic shift amounts to be used. Thus, it is
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possible to secure the flexibility of SRS resource allocation
equivalent to that when the correspondence table shown in FIG. 2 is
used. For example, when terminal ! uses “0, 4”7 and terminal 2
uses “1,” in the table in FIG. 2, terminal 3 has no choice but to
select “3, 7" or “2, 6,” whereas in the table in FIG. 7, terminal 3
has choice to select “3, 77, “2, 6™ or “5, 6.7 o
[0067] Transmission signal fermwing section 207 then applies a
cyclic shift corresponding to information relating to the cyclic
shift amount received from transmission control section 206 to the
reference sequence, and thereby genecrates a cyclic shift sequence
set and multiplies an SRS mapped to the RS mapping resou-rce by
the cyelic shift sequence set. The SRSs multiplied by the
plurality of respective cyclic shift sequences that constitute the
cyclic shift sequence set are transmitted from the corresponding
antenna ports. In this way, the plurality of SRSs are
code~multiplexed.
[0068] <Reception process of SRS i{ransmitted from terminal 200
by base station [00>

Reception processing section 108 specifies a code resource
to which an SRS is mapped (that is, cyclic shift amount of a cyclic
shift sequence used to transmit the SRS) based on the “code
resource setting information™ and the “code resource setting rule
table.” The “coede resource setting rule table” used here is the
same as that used in terminal 200.
[0069] Reception processing section 108 generates a plurality of
cyelic shift sequences (that is, a cyclic shift sequence set)
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corresponding to the plurality of respective specified cyclic shift
amounts. Reception processing section 108 extracts a signal
component mapped to the specified time/frequency resource from
the received signal and demultiplexes a plurality of
codewm'ﬁltipiexed SRSs usi(ng the generated cyclic shift sequence
set.

{00701 As described above, acc‘o-rding to the present embodiment,
in terminal 200, reception processing section 203 receives setting
information relating to a reference shift amount given to a cyclic
shift sequence used to scramble a reference signal transmitted from
a reference anteana port among L antenna ports. Transmission
control section 206 specifies an actual shift amount given to the
cyclic shift sequence uvsed to scramble the reference signal
transmitted from each antenna port based on the code resource
setting rl“iie table in which a cyclic shift amount candidate is
associated with each antenna port and the setting information,
regarding each of reference shift amount candidate groups having
shift amounts 0 to N-1 (N is an even number equal to or greater
than 8) that the reference shift amount can take. In ‘the
above-described code resource setting rule table, an offset pattern
made up of offset values of cyeclic shift amount candidates
associated with each antenna port with respect to a reference shift
amount candidate having shift amount X (X is a natural number
from 0 to N/2-1 inclusive) is different from an offset pattern made
up of offset values of cyclic shift amount candidates associated
with each antenna port with respect to a reference shift amount
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candidate having X+N/2. Transmission signal forming section
207 forms a cyclic shift sequence based on the specified actual
shift amount.

(00711 In base station 100, setting section 101 generates setting
information relating to a reference shift amount given to a cyclic
shift sequence used to scramble a reference signal transmitted from
a reference antenna port among L (L is a natural number equal to or
greater than 2) antenna ports. The generated setting information
is transmitted to terminal 200 via transmission processing section
104, Furthermore, reception processing section 108 specifies an
actuel shift amount given to a cyclic shift sequence used to
scrambie a reference signal transmitted from each antenna port
based on the code resource setting rule table in which a cyclic shift
amount candidate is associated with each anténna pGll'ht and setting
information for each of reference ‘s‘,'hift amount candidate groups
having shift amounts 0 to N-1 (N is an even number egual to or
greater than 8) that the reference shift amount can take, and
receives the reference signal using the specified actual shift
amount. In the above-described code resource setting rule table,
an offset pattern made up of offset values of cyclic shift amount
candidates associated with ecach antenna port with respect to a
reference shift amount candidate having shift amount X (X is a
natural number from 0 to N/2-1 inclusive) is different from an
offset pattern made up of offset values of cyclic shift amount
candidates associated with each antenna port corresponding to a

reference shift amount candidate of X+N/2.
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[0072] (Embodiment 2)

Embodiment 2 relates to a variation of the “code resource
setting rule tabie.”
[06073] FIG 8 is a diagram illustrating a code rescurce setting
rule table according to Embodiment 2 of the present invention.
[0074] In FIG. 8, basic offset pattern “0, 4, 2, 6” is applied to
cyclie shift amount candidates 0 to 3 of an antenna port with
identification number 0, whereas an offset patiern different from
the basic offéet pattern is applied to cyclic Shift amount candidates
4 to 7 of the antenna port with identification number 0. That is, Iin
generalized expression, different offset patterns are éppiied {0
cyclic shift amount candidate X and r;'-yclic shift amount candidate
X+4 of the antenna port with identification number 0. in
particular, the basic offset pattern is applied to cyclic shift amount
candidate X, whereas offset pattern “0, 1,2, 3” or “0, -1, -2, ~3" is
applied to cyclic shift amount candidate X+4. Here, X 1is an
integer from 0 to 3 inclusive. V
[0075] That is, by using offset pattern “0, 1, 2, 3” or “0, -1, -2,
3,7 the four cyclic shift amounts that constitute the cyclic shift
amount set have continuous values.
[0076] Furthermore, in FIG. 8, regarding cyclic shift amount
candidate X+4 to which an offset pattern other than the basic offset
pattern is applied, one of “0, 1, 2, 3” and “0, ~1, =2, =37 is applied
when X+4 is an even number, and the other is applied when X+4 is
an odd number.

[0077] When a plurality of terminals 200 transmit SRSs, the
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number of locations where inter-seguence interference occurs
increases depending on differences in transmission timing among
terminals. For example, when terminal 200-1 uses shift amount
group “0, 4, 2, 6” and terminal 200-2 uses shift amount group “I1, 5,
3, 7,7 if transmission timing of terminal 200-2 is shifted,
inter-sequence interference is given to a cyclic shift sequence of
ali cyelic shift amounts “0, 4, 2, 6” of terminal 200-1 {refer to FIG.
9).

[0078] In contrast, as described above, regarding cyclic shift
amount candidate X+4, one of “0, 1, 2, 37 and *0, -1, -2, =37 is
applied when X+4 is an even number, and the other is applied when
X+4 is an odd number,- and in this wajz even when transmission
timing is shifted, it is possible to reduce the number of locations
where inter-sequence interference occurs, For example, when
terminal 200-1 uses shift amount 'group “4 5, 6, 7" and terminal
200-2 uses shift amount group “0, 1, 2, 3,” even if transmission
timing of terminal 200-2 is shifted, inter-sequence interference
occurs at only one location of cyclic shift' amount “4” of terminal
200-2 (refer to FIG. 10}.

(00791 If components of a shift amount group are continuous,
which antenna port should be associated with each component is
not particularly limited. For example, as shown in FIG, 11, even
if the cyclic shift amounts used by the antenna port with
identification number 1 and the antenna port with identification
number 2 are diécontinuous, there will be no prob]ém if

components of the shift amount group are continuous. In this way,
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it is possible to create a code resource setting rule table with less
bias in the cyclic shift amount used for SRSs.
{00807 (Embodiment 3)

Embodiment 3 relates to a varisation of the “code resource

setting rule table.”

{60811 FIG. 12 is a diagram 1llusirating a code resource setting
rule table according to Embodiment 3 of the present invention.
f0082] In Embodiment 3 as in the case of other embodiments,
different offset patterns are applied to eyclic shift ~amount
candidate X and cyclic shift amount candidate X+4 of the antenna
port with id¢ntificati0n number 0. Furthermore, in Embodiment 3,
different -offsci patterns are applied to cyelic shift amount
candidate 2M (M=0, 1, ...) and cyclic shift amount candidate 2M+1.
While a basic offset pattern is applied to one of cyclic shift amount
candidate 2M and cyclic shift amount candidate 2M+1, offset
pattern “0, 1, 2, 3” or “0, -1, -2, -37 is applied to the other (refer
to FIG. 12).

[6083] Here, in the code resource setting rﬁieitable shown in FIG.
11, when attention is focused on a cyclic shift amount group to
which an offset pattern other than the baéic offlset pattern is
applied, the cyelic shift amount pairs correspoading to
identification numbers O and 1 used for 2-antenna transmission
are limited to “4, 3™ *5, 6,” “6, 57 and *7, 0”7 and no pair exists for
cyclic shift amounts 1 and 2. That is, cyclic shift amounts 1 and 2
cannot be allocated.

{00841 In contrast, as -shown in FIG. 12, while the basic offset
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pattern is applied to one of cyclic shift amount candidate 2M and
cyclic shift amount candidate ZM++1, offset pattern “0, 1, 2, 3™ or -
“0, -1, -2, ~3” is applied to the other, and it is thereby possible to
reduce the bias in the cyclic shift amount applied to the anienna
port with identification number 1. To be mere specific, in FIG. 12,
when attention is focused on the cyclic shift amount group {o which
an offset pattern other than the basic offset pattern is applied, the
cyclic shift amount pairs corresponding te identification numbers
and 1 used for 2-antenna transmission are “4, 57, “1, 0,” “6, 7" and
“%3,.2” and the cvclic shift amount is more distributed, with less
bias.

f0085] Based on the code resource setting rule table shown in FIG.
11, FIG. 12 shows a code resource setting rule table obtained by
applying different offset patterns to c&*ciic shift amount candidate
2M (M=0,1, ...) and cyciic shift amount candidate 2M+1 as an
example. That is, in code resource setting rule tables other than
that in FIG. 11 shown in the present specification, different offset
patierns may be applied to cyelic shift amount candidate 2M
(M=0,1, ...) and cyclic shift amount candidate 2M+1.

f0086] Furthermore, when different offset patterns are applied to
cvelice shift amount candidate 2M (M=0,1, ...) and cyclic shift
amount candidate 2M+1, if there are two continuous cyclic offset
amount candidates among cyclic shift amount candidates of the
reference antenne port which are associated with offset patterns
other than the basic offset pattern, offset pattern “0, 1, 2, 3” may

be associated with one (for example, one with a smalier value), and
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offset pattern “G,. ~1, =2, -3” may be associated with the other (for
example, one with a greater value). In FIG. 13, while offset
patiern “0, 1, 2, 37 is associated with cyclic shift amount 3 of the
antenna port with identification number 0, offset pattern “0, -1, ~2,
~-3” is associated with cyclic shift amount 4 of the antenna port
with identification number 0.
[00877 This makes it possible to cause the cyclic shift amount to
be distributed in both cases of 2-port antenna transmission and
4-port antenna transmission, thus preventing‘ bias. As a result,
the flexibility of SRS resource allocation can be improved.
[0088] (Embodiment 4)

Embodiment 4 relates to a variation in the “code resource
setting rule table.”
[0089] FIG. 14 is a diagram illusirating a code resource setting
rule tabie according to Embodiment 4 of the present invention.
f0090] In FIG. 14, while basic offset pattern “0, 4, 2, 6" is
applied to cyclic shift amount candidates 0 to 3 of an antenna port
with identification number 0, an offset pattern different from the
basic offset pattern is appl-ied to ¢yclic shift amount candidates 4
to 7 of the antenna port with identification number 0. That is, in
generalized expression, different offset patterns are applied to
cyclic shift amount candidate X and cyclic shift amount candidate
X+4 of the antenna port with identification number 0. in
particular, while the basic offset pattern is applied to cyclic shift
amount candidate X, offset pattern “0, 4, 1, 37 or offset pattern “0,
4, 3. 7” is applied to cyclic shift amount candidate X+4. That is,
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with the offset pattern group applied to cyclic shift amount
candidates 4 to 7 of the antenna port with identification number ¢,
all offset patterns are common in that the difference in the cyclic
shift amount applied to the anftenna port with identification number
0 apd the antenna port with identificartien number 1, and the
difference in the cyclic shift amount applied to the antenna port
with identification number 2 and the antenna port with
identification number 3 are 4. In contrast, with the offset pattern
group.appiied to cyeclic shift amount candidates 4 to 7 of the

antenna port with identification number 0, there are a plurality of

" values in the difference in the cyclic shift amount applied to the

antenna port with identification number 1 and the antenna port with
identification number 2.

[0091] Here, 2-antenna port transmission is more likely to be
applied to terminal 200 than 4-antenna port transmission. As
shown in FIG. 15, if an offset pattern applied to 2-antenna port
transmissién is assumed to be “0, 4,” cyclic shift amount pairs “0,
4”7 %2, 6,7 “1, 5”7 and “3, 77 are used for terminals 200-1 to 4,
respectively, (denoted by UEs #1 to 4 in FIG. 15},

[6092] In this state, two terminals 200 are assuméd to end SRS

transmission. For example, when UE#] and UE#2 end SRS

trapsmission, cyelic shift amount set “0, 4, 2, 6” becomes vacant.

Furthermore, when UE#1 and UE#3 end SRS transmission, cyclic
shift amount set “0, 4, 1, 5” becomes vacant. Furthermore, when
UE#1 and UE#4 end SRS transmission, cyvelic shift amount set “0, 4,
3, 7" becomes vacant. Furihermore, when UE#2 and UE#4 end
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SRS transmission, cyclic shift amount set “2, 6, 3, 77 becomes
vacant. Furthermore, when UE#3 and UE#4 end SRS transmission,

cycelic shift amount set “1, 5, 3, 77 becomes vacant. Assuming

that SRSs of 4 antenna ports are flexibly allocated to these vacant

CSs, offset amount sets “0, 4, 2, 6,7 %0, 4, 1, 57 and “0, 4, 3, 77 are
effective. | _
[06093] Therefore, while the basic offset pattern is applied to
cyclic shift amount candidate X, offset pattern “0, 4, 1, 57 or offset
pattern “0, 4, 3, 7” is applied to cyclic shift amount candidate X+4.
Thereby, even if two vacant CSs with a 4-CS interval exist, it is
possible to make SRS resource allocation easier in 4-antenna port
transmission. For example, even if vacant CSs are “0, 4, 1, 5,”
SRS resources for 4-antenna port transmission can be allocated.
[6094] (Embodiment 5)

Embodiment 5 relates to a variation in the “code resource
setting rule table.”
[0095] FIG. 16 is a diagram illustrating a code resource setting
rule table according to Embodiment 5 of the present invention.
[0096) 1In FIG. 16, while basic offset pattern “0, 4, 2, 67 is
applied to cyclic shift amount candidates 0 to 3 of an antenna port
with identification number 0, an offset pattern different from the
basic offset pattern is applied to cyclic shift amount candidates 4
to 7 of the antenna port with identification number 0. That is, in
generalized expression, different offset patterns are applied to
cyclic shift amount candidate X and cyclic shiff amount candidate
X+4 of the antenna port with identification number 0. In
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particular, while a basic offset pattern is applied to cyclic shift
amount candidate X, offset pattern “0, 3, A, B” or “0, 5, A, B” is
applied to cyclic shift amount candidate X+4. Here, A and B are
different values. TFurthermore, A and B are natural numbers other
than 0 and 3 among 0 to 7 in a case of offset pattern “0, 3, A, B”
and natural numbers other than 0 and 5 among 0 to 7 in a case of
offset pattern “0, 5, A, B.”

[0097} Here, in Embodiment 4, in order for the receiving side to
demultiplex SRSs with high accuracy in a case of 2Z-antenna port
transmission, the difference in applied cyclic shift amount between
the antenna port with identification number 0 and the antenna port
with identification number 1 is designed to be 4. However, when
emphasis is placed on the flexibility of SRS resource allocation in
a case of 2-antenna port transmission, it is preferable fto provide
piurality of difference values in the applied cyclic shift amount
between the antenna port with identification number O and the
antenna port with identification number 1. Thus, like the present
embodiment, in order for the receiving side to demultiplex SRSs
with high ac.curacy in a case of 2-antenna port tramsmission, for
example, the difference in the applied cyclic shift amount between
the antenna port with identification number 0 and the antenna port
with identification number I is 3 or 5 which has the next highest
demultiplexing performance after 4. This makes it possible to
prevent the demuitiplexing accuracy from decreasing and also
improve the flexibifity of SRS resource allocation.

[0098] (Embodiment 6}
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Embodiment 6 relates to a variation in the “code resource
setting rule table.”
[0099] FIG. 17 is a diagram illustrating a code resource setfing
rule table according to Embodiment 6 of the present invention.
[0100] In FIG. 17, while basic offset pattern “0, 4, 2, 6™ is
applied to cyclic shift amount ca.ndidates 0to 3 of an antenna port
with identification number 0, an offset pattern different from the
basic offset pattern is applied to cyclic shift amount candidates 4
to 7 of the antenna port with identification number 0. That is, in
generalized expression, different offset patterns are applied to
cyelic shift amount candidate X and cyclic shift amount candidate
X+4 of the antenna port with identification number 0. Iﬁ
particular, while the basic offset pattern is applied to cyelic shift
amount candidate X, offset pattern “0, 2, A, B” or “0, 6, A, B” is
applied to cyclic shift amount candidate X+4., Here, A and B are
natural pumbers other than 0 and 2 among 0 to 7 in a case of offset
pattern “0, 2, A, B” and natural numbers other than 0 and 6 among 0
to 7 in a case of offset pattern “0, 6, A, B.”
10101] Here, in Embodiment 5, 3 or 5 is added as the difference
value between the cyclic shift amount applied to the antenna port
with identification number 0 and the cyclic shift amount applied to
the antenna port with identifi.c;ltisn number 1 to improve the
flexibility of SRS resource alliocation while maintaining bigh SRS
demultiplexing performance. However, when the difference value
between the cyclic shift amouﬁt applied to the antenna port with

identification number G and the cyclic shift amount applied to the
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antenna port with identificatim} number 1 is assumed to be 3 or 3,
if this is combined with cyclic shift amount set “0, 4, 2, 6,” there
may be cases where SRS resource allocation becomes more
complicated. For example, when terminal 200 to which cyelic
shift amount set “0, 4, 2, 6” is allocated ends SRS iransmission at 4
antenna ports, resources of cyclic shift amount set “0, 4, 2, 67
become vacant, but SRS resources may be unable to be allocated
depending on a cyclic shift amount set in which the difference
value between the cyci_ic shift amount applied to the antenna port
with identification number 0 and the cyclic shift amount applied to
the antenna port with identification number 1 is 3 or 5. Thusg,
when emphasis is placed on the flexibility of SRS resource
allocation as in the case of the present embodiment, 2 or 6 is
preferably added as the difference value between the cyclic shift
amount applied to the antenna port with identification number 0
and the cyclic shift amount applied to the antenna port with
identification number 1.

[0102] Applying the basic offset pattern to cyclic shift amount
candidate X and applying offset pattern “0, 2, 4, 6” to cyclic shift
amount can&idate X+4 makes it possible to secure the flexibility of
SRS resource allocation in  2-transmitfting-antenna  port
transmission which has a high probability of occurrence, and also
maximize a CS interval between antenna ports in
4-transmitting-antenna port ifransmission which has a relatively
low probability of occurrence, and thereby maximize the 8RS

demultiplexing accuracy.
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[0103] (Embodiment 7}

Embodiment 7 relates to a variation in the “code resource
setting rule table.”
[0104] FIG. 18 is a diagram illustrating a code resource setfting
rule table according to Embodiment 7 of the present invention.
[01065} In ?1(}. 18, different offset patterns are applied to cyelic
shift amount candidate X and cyclic shift amount candidate X+4 of
an antenna port with identification number 0. Furthermore,
different offset patterns are appiiéd {0—; a,mc.yrc}ic shift amount
candidate group in which the cyeclic shift amount of the antenna
port with identification number 0 is an even number (that is, 0, 2, 4,
6). Basic offset pattern “0, 4, 2, 6™ is applied to one cyclic shift
amount candidate of the cyclic shift amount candidate group in
which the cveclic shift amount of the antenna port with
ideﬁtification number O is an even number. In FIG. 18,
particularly, basic offset-patzem “0, 4, 2, 6" is associated with
cyelic shift amount candidate 0 of the antenna port with
identification number 0. Offse_t p‘attern “0, 1, 2, 37 is associated
with cyelic shift amount camdidate 2 of the antenna port with
ideniificétion number 0, offset pattern “0, 2, 4, 6” is associated
with cyclie Sﬂift amount candidate 4 of the antenna port with
identification number 0, and offset pattern “0, -1, -2, ~37 is
associated with cyciic shift amount candidate 6 of the antenna port
with identification number 0.
[06106] Here, in ‘{hé conventional correspondence table shown in

FIG. 2, when 2-antenna port transmission is assumed, the pair of
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the cyclic shift amount associated with the antenna port with
identification number 0 and the cyclic shift amount asscciated with
the antenna port with identification number 1 varies depending on
whether the cyclic shift amount candidate is X or X+2 of the
antenna port with identification number 0. However. when only
d4-antenna port transmission is assumed, the cyclic shift amount
candidate group whose cycelic shift amount is an even number (that
is, 0, 2, 4, 6) of the antenna port with identification number O has
the same cyclic shift amo.um‘t that constitutes the cyclic shift
amount set {refer to FIG. 19).

[0107] 1In contrast, the present embodiment associates cyclic shift
amount candidate X and cyclic shift amount candidate X+4 of the
antenna port with identification number 0 with different offset
patterns, and also associates the cyciic' shift amount candidate
group whose ¢yclic shift amount is an even number (that is, 0, 2, 4,
6) of the antenna port with identification number 0 with different
offset patterns. This makes it possible to improve the flexibility
of SRS resource allocation without increasing the amount of
signaling for notification of a cyclic shift amount.

[0108] (Embodiment 8)

Unlike Embodiments 1 to 7, Embodiment 8 intends fto
improve the flexibility of SRS resource allocation within a
frequency domain. Since a base station and a terminal of
Embbdément § have basic configurations common to those of base
station 100 and terminal 200 of Embodiment 1, their configurations

will be described with reference to FIGS.3 and 6.
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[0109] Setting section 101 of base station 100 in Embodiment 8
génerates “candidate resource setting information™ for setiing
“candidate resources” of setting target terminal 200, The
candidate resource setting information can be divided into “time
resource setting information” and “code frequency resource setting
information.”

[0110] | Receptidn processing section 108 specifies a resource to
which an SRS is mapped based on the setting information and the
trigger information received from setting section 101.

[0111}”: To be more specific, reception ‘Igrocessing section 108
specifies a time rasoﬁrce to which the SRS is mapped based on the
“time resource setiting information” and the trigger information.
Furthéﬁgorm, reception processing section 108 specifies a code
frequency resource (that is, cyclic shift amount and frequency of a
cyclic shift sequence used to transmit the SRS) to which the SRS is

11

mapped based on the “code frequency resource setting information”
and the “code frequency resource sefting rule table.”™

[0112] Reception processing section 108 generates a plurality of

“cyelic shift sequences (that 1is, cyclic shift sequence set)

corresponding to the plurality of respective specified cyclic shift
amounts. Reception processing section 108 then extracts a signal
component mapped to the specified time/frequency resource from
the received signal and demultiplexes a  plurality of
code-multiplexed SRSs using the generated cyclic shift sequence
set,

[01131 In terminal 200 of Embodiment &, transmissicn control
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section 206 sets a candidate resource to which its own terminal
maps an SRS.

[0114] To be more specific, transmission control section 206
specifies a candidate time resource based on setting information
(time resource setting information) received from reception
processing section 203,

[0115] Furthermore, transmission control section 206 specifies a
candidate code frequency resource (that is, cyclic shift amount and
frequaﬁcy of a cyclic shift sequence used to transmit an SRS) bascd
on the setting .information {code freguency resource setting
information) received from reception processing section 203 and
the “code frequency resource setting rule table.”  When the
trigger information is received from reception processing section
283, transmission com‘r_oi section 206 outputs information relating
to a cyclic shift amount of a cyclic shift sequence used {o transmit
an SRSJVand the freQuency to transmission signal forming section
207. The candidate frequency resource set in this terminal 200
will be described in detail later.

[0116] Transmission signal forming section 207 maps the SRS
received from reference signal generation section 204 to an RS
mapping resource indicated by RS mapping information.
Transmission signal forming section 207 then applies a cyclic shift
corresponding to information relating to the cyclic shift amount
received from transmission control sectiom 206 to a reference
sequence, thereby generates a cyclic shift sequence set and
multiplies the SRS mapped to the RS mapping resource by the
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cyclic shift sequence set. The SRSs multiplied by the plurality of
respective cyclic shift sequences that constitute the cyclic shift
sequence set are transmitted from the corresponding antenna ports.
The plurality of SRSs are thereby code-multiplexed.

f01i7] Operations of base sta.tioﬁ 160 and terminal 200 of
Embodiment 8 configured as described above will be described.
In particular, a2 setting process for candidate code resources and
candidate freguency resources on setiing target terminal 200, an
SRS‘ transmission process using' candidate code resorurces and
candidate freguency resources by terminal 200 and a reception

process for an SRS transmitted from terminal 200 by base station

100 will be described here. Furthermore, a case will be described

where terminal 200 transmits SRSs using two antenna ports or four
antenna ports.
{0118] <Setting process for candidate code resources on setting
target terminal 200>

Setting section 101 generates candidate code frequency
resource setting information to set candidate code resources and
candidate frequency resources for setiing target terminal 200. To
be more specific, setting section .161 generates information

relating to the shift amount of a cyclic shift sequence used for

SRSs transmitted from the reference antenna port of setting target

terminal 200, Here, particularly, the c¢yclic shift amount
regarding an antenna port whose antenna port identification
information is zero is used as information relating to the cyclic

shift amount.
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[0119] The candidate code frequency resource setting information
generated in this way is transmitted to terminal 200.
[0120] <S§RS transmission process using candidate code
frequency resources by terminal 200>

Transmission control section 206 sets candidate code
frequency resources to which its own termina]l maps SRSs. To be
more specific, transmission coutrol seétion 206 specifies candidate
code frequency resources {that is, cyciic shift amount and
frequency of the cyclic s.hift sequence used to transmit SRSs) based
on the code frequency resource setting information received from
recéption processing section 203 and the code frequency resource
setting rule table.
[6121] FIG. 20 is a diagram illustrating a code frequency resource
setting rule table according to Embodiment 8 of the present
invention. In the code frequency re.source setting rule table, for
each of a plurality of cyclic shift amount candidates of a reference
antenna port, four antenna port identification numbers are
associated with cyclic shift amounts and frequencies corresponding
to the respective antenna port identification numbers. The
number of cyclic shift amount candidates is 8 from 0 to 7. In FIG.
20, in the code frequency resource setting rule fable, a fixed offset
pattern “0, 4, 2, 6”7 is applied to all cyclic shift amount candidates
0 to 7 of the anienna port with idéntification number 0.
Furthermore, in FIG. 20, for cyclic shift amount candidates 0 to 3
of the antenna port with identification number 0, one frequency

band (frequency I in FIG. 20) is associated with all antenna ports,
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whereas for cyclic shift amount candidates 4 to 7 of the antenna

- port with identification number O, one frequency band (frequency !

in FIG. 20) is associated with the antenna ports with identification
number 0 and identification number 1, and one frequency band
(frequency 2 in FIG, 20) is associated with the antenna ports with
identification number 2 and identification number 3. That is, in
generalized expression, different frequency patterns are applied to
cycelic shift amount candidate X and cyeclic shift amount candidate
X+4 of the antenna port Wéﬂl identification number 0. Here, X is
an 'integer from 0 to 3 inclusive.

[01227 FIG. 21 ig 2 diagram illustrating another example of the
code frequency resource setting rule table according to
Embodiment 8 of the present invention. In FIG. 21, for cyclic

shift amount candidates 0 to 3 of the antenna port with

identification number 0, one freguency band (frequency. 1 in FIG.

'21_) is associated with all antenna ports. On the other hand, for

cyclic shift amount candidates 4 to 7 of the antenna port with
identification number 0, one frequency band (frequency 1 in FIG.
21) is associated with the antenna ports with identification number
0 and identification number 2, and one frequency band (frequency 2
in FIG. 21) is assoclated with the antenna ports with identification
number 1 and identification number 3. Above-described
freguency 1 and frequency 2 may be a subcarrier block made up of
continuous subcarrier groups or a subcarrier group made up of
discretely arranged subcarrier groups (for example, Comb in LTE).
To be more specific, frequency ! may be substituted by Comb#0 and
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frequency 2 may be substituted by Comb#1. That is, cyclic shift
amount candidates 0 to 3 of the antenna port with i{dentification
number ¢ may use only one Comb and cyclic shift amount
candidates 4 to 7 of tha‘ antenna port with identification number 0
may use only a plurality of Combs. The fixed offset pattern 0, 4,
2, 67 may have a different sequence such as “0, 2, 4, 6.7
Furthermore, instead of using tables such as those shown in FIG. 20
and FIG. 21, for example, equations may also be used as long as
similar processes can be performed. For example, the following
equation may be used instead of the figures.

[0123] FIG. 20 may also be expressed by equation 1.

(1]

R = (nlmt 4 x)mod 2, De {0,---3Np "1}

) s
for Figpe =0 ~3

(r
=<5

ﬂ%} Jor Mo =4~7

. (Equation 1)

Comb, p
n .. . e
SRS is information indicating SRS sarrangement of an

e

antenna port with identification number ¥ (for example,

frequency 1 and frequency 2 or Comb#0 and Comb#l).

8 Comb
2 and TS are information indicating a cyclic shift

amount and SRS arrangement of an antenna port with identification

number 0 notified of by the base station.

LAJ is a maximum integer smaller than A. Freguency 1 {or

nComa P n("omb F
Comb#0) when 5 is 0, or frequency 2 (or Comb#1) when 58

is 1 is applied at the terminal station and the base station.

50



10

1s

20

Comd
@5 may be a value (0 or 1) explicitly notified of by the

base station or may be‘implicitiy notified of or a fixed value.

cs
s peed not be limited to the classification such as O to 3

and 4 to 7 and may be changed based on Embodiments 1 to 7 or the

like.

Ny is the number of antenna ports used for SRS

transmission. |
01247 Similarly, FIG. 21 can also be‘expressed by equation 2.
21
noomF = (n;ﬁ;’bw%x)modz, ﬁe{O,...,Np——l}
xz{a Jor  nS =0~3
P for omgg=4~T . (Equation 2)
[0125] Furthermore, when FIG. 21 and FIG. 20 are used assuming
that the numbers of antenna ports is 2 and 4 respectively, equation
3 is obtained.
[3]
nSme? = (nSo0% 4 x)mod 2, ;ie{o N, 1)
Y Jor noy =0~
(t_m__} for Rope =4~ 7
. (Equation 3)
0126} Here, in Embodiments 1 to 7, different offset patterns are

associated with c¢yclic shift amount candidate X and cyclic shift
amount candidate X+4 of the antenna port with identification
number 0. However, the method for improving the flexibility of
SRS resource allocatien is not limited to this. That is, as
described above, the fiexibility of SRS resource allocation can also
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be improved by associating cyclic shift amount candidate X and
cyclic shift amount candidate X+4 of the antenna port with
jidentification number O with different frequency patterns.

[0127) Frequency 1 and frequency 2 may also be considered as
amounts of offset in the freguency domain. For example, when
base station 100 notifies of information indricating Comb#0 and
cyclic -.sh.ift amount candidate 0 of the antenna port with
identification number 0, terminal 200 transmits an SRS using only
Coiﬁb#ﬁ, whereas when base station 100 notifies of information
indicéting Comb#1 and cyclic shift amount 0 of the antenna port
with identification number 0, terminal 200 transmits an SRS using
only Comb#1.

[0128] (Other embodiments)

{1) In the above ecach embodiment, some of the plurality of
cyclic shift amount candidates of the reference antenna port may be
associated with trigger information (that is, trigger bits in PDCCH).
For example, using setting information, ecyelic shift amount
candidate § of the reference antenna port is associated with trigger
information 1 of PDCCH, and cyvclic shift amount candidate 4 of the
reference antenna port is associated with trigger information 2 of
PDCCH. When base station 100 notifies terminal 200 of trigger
information 1 of PDCCH, terminal 200 iransmits an SRS using a
cyclic shift amount set with which cyclic shift amount candidate §
of the reference antenna port is associated, and when base station
100 notifies terminal 200 of trigger information 2 of PDCCH,

terminal 200 transmits an SRS using a cyelic shift amount set with
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which cyelic shift amount candidate 4 of the reference antenna port
is associated.

[0129] (2}‘ The table described in the above each embodiment is
applicable to one of a case of only 2-antenna port transmission, a
case of only 4-antenmna port transmission, and a case of both
2-antenna port transmission and 4-antenna port transmission.
Furthermore, different tables may be used for a case of 4-antenna
port transmission and for a case of 2-antenna port transmission.
{0136] (3) The above each embodiment has been described
assuming that the same cyclic shift amount of the antenna port With
identification number 0 is used when one antenna port is used, and
when two or four antenna ports are used. However, the present
invention is not limited to this, and the correspondence between the

antenna pert with identification number 0 and the cyclic shift

e
L

amount may differ when one antenna port is used, and when two or
four antenna ports are used.

[0131] (4) The above each embodiment has described SRSs (for
example, DA-SRS, P-SRS), but the present invention is not limited
to this, and any reference signal may be applicable as long as it can
be code-multiplexed with a cyclic shift sequence.

{01321 (5) The antenna port in the above ecach embodiment
represents a logical antenna (antenua group) formed by one or a
plurality of physical antennas. In other words, the antenna portis
not limited to represent one physical antenna, and may include an
array antenna formed by a plurality of antennas, for example. For
example, the number of physical antennas for forming the antenna
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port is not defined, and the antenna port is defined as a minimum
unit by which a terminal can transmit reference signals. The
antenna port may also be defined as a minimum unit for multiplying
weighting of a precoding vector.

0133} - (6) A «case has been described in the above each
embodiment where the number of notification bits is 3 and cyelic
shift amount candidates are 0.7?'0___7__33 a premise, but the present
invention is not limited to this. For example, the number of
notification bits may be 4 and cyclic shift amount candidates may
be 0 fo 1‘5. In this case, offset amount set “0, 4, 2, 6” may be an M
(M=2 in a case of 4 bits) muitiple of the offset amount such as “0, 8,
4, 12.” Furthermore, the cyclic shift amounts of the antenna port's‘
with identification numbers 1 to 3 are not limited to the values in
the figures, either. For example, the cyclic shift amounts may be
offset amount set “0, 2, 4, 6.7

[0134] (7) Although the above each embodiment has been
described using a case where the present invention is implemented

with hardware, as an example, the present invention can be

implemented with software in interworking with hardware.

[0135'] Furthermore, each funection block employed in the
explanation of the above ecach embodiment may typically be
implemented as an LS constituted by an integrated circuit. These
function blocks may be individual chips or partially or totally
contained on a single chip. The term “LSI”™ is adopted herein but
this may also be referred to as “1C.,” “system LSI,"’ “super LSI,” or

“unitra L.SI,” depending on the differing extents of integration.
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[0136] The method of implementing integrated circuit is not
limited to LSE; and implementation by means of dedicated circuitry
or a general-purpose processor may also be possible. After LSI
manufacture, utilization of a field programmable gate array (FPGA}V
or a reconfigurable processor where connections and settings of
circuit cells in an LSI can be reconfigured is also possible.

[0137] If a new integrated circuit implementation technology
replacing LSI 1s introduced because of advancement In
semiconductor technology or a different technclc;gy derived
therefrom, the function blocks may of course be integrated using
that technology. For example, application of biotechnology is
possible.

[0138] The disclosure of Japanese Patent Application
No.2011-001829, filed on January 7, 2011 and Japanese Patent
Application No.2011-009870, fited on January 20, 2011, including
the specification, drawings and abstract, is incorporated herein by

reference in their entirety.

Industrial Applicability

[0139] The transmitter apparatus, receiver apparatus,
transmission 'method, and reception method of the present invention
are useful to improve the flexibility of SRS resource allocation
without increasing the amount of signaling for notification of a

cyclic shift amount.

Reference Signs List

55h



10

et
[§2]

[06140]

100 base station

101 setting section

102, 103 coding/modulation section
104 transmission processing section
105, 208 transmitting section

106, 201 antenna

107, 202 receiving section

108, 203 reception processing section
109 data receiving section

110 receiving gquality measuring section
200 terminal

204 reference signal generation section
203 data signal generation section

206 transmission control section

207 transmission signal forming section
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CLAIMS
Claim 1

A transmitter apparatus comprising:

a signal forming section that maps a reference signal
generated using information relating to a cyclic shift amount toa
freguency resource correspoading to each of a plurality of
antenna ports determined based cn a first correspondence orﬂ a
second'correspondence; and

a transmitiing section that trensmits the reference signzl
mapped to the frequency resource corresponding to each of the
plurality of antenna ports, wherein:

the first correspondence which is a correspondence
between each of the plurality of antenna ports and the frequency
resource when the information relating to the cyelic shift emount
is X is different from the second correspondence which 1s a
correspondence between cach of the plurality of antenna ports
and the frequency resource when the informatien relating to the
cyelic shift amount is X+N/2 (where X is an integer from 0 to
N/2-1 inclusive, and N 1s the number of candidates of the cyclic

shift amount).

Claim 2
The trepsmitier apperaius according to claim 1, wherein:
frequency rtesources corresponding to the plurality of

antenna ports in the first correspondence are identical, and
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freguency resources corresponding fo the plurality of respective

antenna ports in the second correspondence are not identical.

Claim 3

The transmitter apparatus asccording to claim 1, wherein:

frequency resources corresponding to the plurality of
respective antenna ports in the first correspondence are identical,
and

of the plurality of antenna ports in the second
correspondence, frequency reseurees corresponding to

odd-numbered antenna ports are different from frequency

resources corresponding to even-numbered antenna ports.

Claim 4

The traﬁsmitter apparatus according to claim 1, wherein
frequency resources corresponding to the plurality of respective
antenna ports in the first correspondence are identical to
frequency resources corresponding to even-numbered antenna

ports in the second correspondence.

Claim 5
The transmitter apparatus according to c¢faim 1, wherein:
when the number of the plurality of antenna ports is 2,
frequency resources corresponding to all anfenna ports in the

first correspondence are identical to freguency resource

corresponding to all antenna ports in the second correspondence,
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when the number of the plurality of antenna ports is 4,
frequency resources corresponding to the plurality of respective
antenna porfs in the first correspondence are identiczl, and of
the plurality of antenna ports in the second correspondence,
freq.uency resources corresponding to odd-numbered antenna
ports are different from frequency resources corresponding to

even-numbered antenna ports.

Claim 6

The transmitter apparatus according to claim 1, wherein
freguency resources corresponding to all antenna ports in the
first correspondence are identical, and in the second
correspondence, frequency resources corresponding 1o two
antenna ports where an interval between cyclic shift amounts of
the two anienna ports is [N/2] are identical, and freguency
resources corresponding to two antenna ports where an interval

between cvelic shift amounts of the two antenna ports is [N/4]

are different.

Claim 7
The transmitter apparatus according to claim 1, wherein
the information relating to the cyelic shift amount corresponds

to a cyclic shift amount of antenna port number ¢, the N is § and

the X is 0 to 3.
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Claim 8
The transmitter apparatus according to c¢laim 1, wherein

the frequency resources are a comb-like subcarrier group.

Claim 9

A recelver apparatus, comprising‘:-

a recelving section that receives a reference signal
mapped to a frequency resource correspolnding to each of a
plurality of antenna ports determined based on a first
correspondence or a second correspondence, the reference signal
being generated using information relating to a cyclic shift
amount; and

a ciaannei guality mezsuring section that measures channel
quality using the reference signal, wherein:

the first correspondence which is a correspondence
between each of the plurality of antenna ports and the fregquency
resource when the information relating to the cyclic shift amount
is X is different from the second correspondence which is a
correspondence between each of the plurality of antennaz ports
and the frequency resource when the information relating to the
cyclic shift amount 15 X+N/2 {where X is an integer from ¢ to
N/2-1 inclusive, and N is the number of candidates of the cyclic

shift amount).

Claim 10

The receiver apparatus according to claim 9, wherein
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frequency resources corresponding to the plurality of respective
antenna ports in the first correspondence are identical and
frequency resources corresponding to the plurality of 2
respective ntenna ports in the second correspondence are not

identical,

Clamm 11

The receiver apparatﬁus according to claim 9, wherein:

fréquency resources corresponding to the plurality of
respective antenna ports in the first corf‘eSpondance are identical,
and

of the plurality of anteana ports in the second
correspondence, freguency resources corresponding to
odd-numbered antenna ports are different from frequency

resources corresponding to even-numbered antenna ports.

Claim 12

The receiver apparatus according to claim 9, wherein
freguency resources corresponding to the plurality of respective
antenna ports in the first correspondence are identical to
freguency resources corresponding to even-numbered antenna

ports in the second correspondence.

Claim 13
The receiver apparatus according to claim 9, wherein:

when the number of the plurality of antenna ports is 2,
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frequency resources corresponding to all anterna ports in the
first correspondence are identical to frequency resources
corresponding to 2ll antenna poris in the second correspondence,
and

when the number of the plurality of antennz ports is 4,
fregquency resources ﬁorresponding to the plurality of respective
antenna ports in the first correspondence are idelntical, and of
the plurality of antenne ports in the second correspondence,
frequency Tesources corresponding to odd-numbered antenna
ports are different from frequency resources corresponding to

even-numbered antenna ports.

Claim 14

The receiver apparatus according to claim 9, wherein
frequency resources corresponding to all antennaz ports in the
first correspondence are identical, and

in ;he second correspondence, frequency resources
corresponding to two antenna ports where an interval between
eyelic shift amounts of the two anptenna ports is [N/2] are
identical, and frequency resources corresponding 1o two .éntenna
portls where an interval between cyclic shift amounts of the two

antenna ports is [N/4] are different.

Claim 15
The receiver apparatus according to claim 9, wherein the

information relating to the cyclic shift amount corresponds to a
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cyclic shift amount of antenna port number 0, the N is 8 and the

X is 0 to 3.

Claim 16

The receiver apparatus according to claim 9, wherein the

frequency resources are a comb-like subcarrier group.

Claim 17

A transmission method comprising:

mapping a reference sigﬁa-iwgener‘é;;d'using information
relating to a cyelic shift amount to a {frequency resource
corresponding to each of a plurality of antenna ports determined
based cen a first correspendence or a second correspondence; and

transmitting the reference signal mapped io the {requency
resource corresponding to each of the plurality of antenna ports,
wherein:

the first correspondence which 1s & <correspondence
between epch of the plurality of antenna ports and the frequency
rescurce when the information relating to the cyclic shift amount
is X 1s different from the second correspondence which is a
correspondence between each of the plurality of antenna ports
and the frequency resource when the information relating to the
cyclic shift amount is X+N/2 {where, X is an integer from 0 to
N/2-1 inclusive, N 1s the number of candidates of the ¢yvelic shift

amountj.
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Claim 18

A reception method comprising:

receiving a veference signal mapped 1o a fregquency
resource corresponding to each of a plurality of antenna ports

determined based on a fitst correspondence or a second

~correspondence, the reference signal being generated using

information relating to 2 cyelic shift amount; and

measuring channel quality using the reference signal,
wherein:

.the first correspondence which 1s a ocorrespondencs
between cach of the plurality of antenna ports and the frequency
resou‘rce“when the information relating to the cyclic shift amount |
is X is different from the second correspondence which is &

correspondence between each of the plurali f a:

ok

Yy o
and the frequency resource when the information relating to the
cyelic shift amount is X+N/2 (where X is an integer {rom 0 to
N/2-1 inclusive, and N is the number of candidates of the cyclic

shift amount).
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