DESCRIPTION Title of Invention TERMINAL APPARATUS AND COMMUNICATION METHOD
THEREOF 5 Technical Field [0001]The present ipvention relates to a terminal apparatus and a
communication method thereof. 10Background Art [0002]In the uplink of the 3rd Generation
Partnership Project Long Term Evolution (3GPP LTE), single carrier transmission is performed to
maintain a low cubic metric (CM).More specifically, in the presence of data signals, the data signals
and 15control information are time multipleteli ahd'ttanshittdd in a physicaluplink shared
channel(PUSCH).The control informationincludesresponsesignals(positive/negative acknowledgments
(ACK/NACK)! Sreﬁéﬁ&%ﬁéﬂéﬂo%CKlNACK signals") and channel quality indicators (hereinafter

called the 20.} \-Data signgls are-divided i ode R ?:géclic (# Indancy check
(CRC) cod?%%%%%??‘eacr%g&%g%gﬁg err‘gﬁgrrectﬁ)@.ﬁﬁéﬁﬁﬁgémA K sigEr\I%as and CQlIs
have differepi;alipgatipn methods, (See Non-Patent Literatures 1 and 2, for example). 25 More

specifically, ACK/NACK signals are allocated in parts of a data signal resource by puncturing parts of
the data signals (4 symbols) mapped to the resource adjacent to Reference Signals

Technical Field
[0001] The present invention relates to a terminal apparatus and

a communication method thereof.

10  Background Art
[0002] In the uplink of the 3rd Generation Partnership Project
Long Term Evolution (3GPP LTE), single carrier transmission is
performed to maintain a low cubic metric (CM). More
specifically, in the presence of data signals, the data si.gnals and
15  control information are time multiplexed and transmitted in a
physical uplink shared channel (PUSCH). The control
information includes response signals (positive/negative
acknowledgments (ACK/NACK), hereinafter called “ACK/NACK
signals™) and channel quality indicators (hereinafter called the
20 “CQIls”). Data signals are divided into code blocks (CB), and a
cyclic redundancy check (CRC) code is added to each code block
for error correction.
100037 ACK/NACK signals and CQES have different allocation
methods. {See Non-Patent Literatures 1 and 2, for example).
25  More specifically, ACK/NACK signals are allocated in parts of a
data signal resource by puncturing parts of the data signals (4

symbols) mapped to the resource adjacent to Reference Signals



2 (RSs) (i, overwriting the data signals with the ACK/NACK signals).In contrasts, CQIs are allocated
over entire sub-frames (2 slots).Since the data signals are allocated in resources other than the CQI
allocated resource, no CQIs are punctured (see 5 FIG. 1.) The reasons for the difference in allocation
are as follows: the allocation or non-allocation of an ACK/NACK signal depends on the presence or
absence of data signals in downlink. In other words, it is more difficult to predict the occurrence of
ACK/NACK &igridls thef it i$ foepredict that 6P €Qlist tlentied 10pBInctiifilg ehpableCof altbt4tikg the
resource of a suddenly occurring ACK/NACK signal is used during mapping of ACK/NACK signals.
Meanwhile S Ag of QY trAEMisSiofr (£&S stibrahhBgidsid detetminB s sddh idtiiestion

information, whi h,agows he determination of allogation of data signal and CQI resources.Since
ACK/NACIég\iIgSn% $re iréﬁor?faent% iﬁﬁFor(?nda%aor? ,Iﬁw%gfﬁgrg ‘é%si“gﬁé’& ?g %;E}mlﬁloléﬁmﬁé ((I?C%nﬁéb? pilot

slgnats, whigh, have, hiol esfimation.adefay. o apsmission @glfe, eLeby[RAUGRIACKINACK

signal errors. [0004]A modulation and coding rate scheme (MCS) for data 20 signals in pﬁr?k is

determinedrya base statien apparaius (ngreinafter cafied the base, station: o ¢NBy) based on the
channel quality of the uplink. An MCS for control information in the uplink is determined by adding an
offset to thef MCSafer data sighatsa(SesmNon-Ratent literattral, for example)k MoreC 85 spegifically,
since control information is more important than data signals, the MCS for control information is set to
a lower trarbapissidn rate tha thedvCScfor data signats: This deibeantessa highsquialitytlangmission of
control information. [0005]For example, in the 3GPP LTE uplink, if control information is transmitted in
a PUSCH, fhe 8ifdunt BPreSdurte agsérto!the dnirot fdrnatibhds detthed dasedomace of

ACK/NACK signals than it is to predict that of CQIs; hence,
10 puncturing capable of allocating the resource of a suddenly
occurring ACK/NACK signal is wused during mapping of
ACK/NACK signals. Meanwhile, the timing of CQI transmission
(i.e., sub-frames) 1is predetermined based on notification
information, which allows the determination of allocation of data
16  signal and CQI resources. Since ACK/NACK signals are
important information, they are assigned to symbols in the
vicinity of pilot signals, which have high estimation accuracy of
transmission paths, thereby reducing ACK/NACK signal errors.
[0004] A modulation and coding rate scheme (MCS) for data
20 signals in uplink 1s determined by a base station apparatus
(hereinafter called the “base station” or “eNB”) based on the
channel quality of the uplink. An MCS for control information
in the uplink is determined by adding an offset to the MCS for
data signals (see Non-Patent Literaturel, for example). More
25  specifically, since control information is more imporfant than
data signals, the MCS for control information is set to a lower

transmission rate than the MCS for data signals. This guarantees



5 coding rate indicated in the MCS for data signals. More specifically, as shown in equation 1 below,
the amount of the resource Q assigned to the control information is obtained by multiplying the inverse
of the coding rate of data signal by an offset. 10[I] [0006] With reference to equation 1, O indicates
the number of bits in control information (i.e., ACK/NACK signal or CQI) and P indicates the number of
bits for error correction added to the 15control information (for example, the number of bits in CRC and
in some cases; P<0) Ahevtctad of GrandiP {00 P)dnditatési theowr atimiver of of bits in uplink control
information (UCI). MscS  bandwidth for PUSCH, the number of symbols transmitted in the 20 PUSCH
per unit tran8mission barfdwidth AR AEimbér ofidttle BIBEE info Mhict Bhta kignals ate wivielkd, and
the number. of bits in each code block, respectively. :ﬁﬁ éIFFe co trolinformation)gcludes ACK/NACK,
CQI, a rank heidaTGH (R, which W@é\f&"rgnﬂnf@r Bt &hd & eédiifythatix fridigatbf tPma),
which 4 [OOOﬁ?}WitQ\AV tth re{%réance to e(c)watjigr%lgl|12 n(M§CH nl (M§§ymbPU8gHggigng indicates the

ASS1e0 Contr . 10 1 crmin n,a .
amount of transr%lssmn (ﬁ)ata S|gnaPresources, , |nd|caﬁes ?he numf)er Ofebl'[S N a smg(fe data S|gnal

(ie., the tOtéb’&‘iE‘i‘QefPA‘tt&itS iR §odeRlgcks intyhiclyihe dagg sigpalis signals. More
specifically, as shown in equation 1 below, the amount of the
resource  assigned to the control information is obtained by
multiplying the inverse of the coding rate of data signal by an
offset.

10 [11

’ PUSCH -initial PUSCH ~initiad g3 PUSCH
" (O +P ) M se J’nymi) [)7 offset

o ...{Equation 1)

> K,
peel)
[0006] With reference to equation 1, O indicates the number of
bits in control information (i.e., ACK/NACK signal or CQI) and P
indicates the number of bits for error correction added to the
15  control information (for example, the number of bits in CRC and
in some cases, P=0). The total of O and P (O + P) indicates the

number of bits in uplink control information (UCI). MgctV5¢H

mitial N gyt DIl e and K, indicate the transmission
bandwidth for PUSCH, the number of symbols transmitted in the
20 PUSCH per unit transmission bandwidth, the number of code
blocks into which data signals are divided, and the number of bits
in each code block, respectively. UCIT {i.e., control information)
includes ACK/NACK, CQI, a rank indicator (RI}, which indicates

rank information, and a2 precoding matrix indicator {PMI), which

25 provides precoding information.



PUSCH-initialPUSCHe-initial) 5divided).Accordingly,EICIA-KTMSCMNSymb represents a value that
depends the coding rate of the data signal (hereigafter,called"codingrate' ). The(mscPUSCH-
initialPUSCH-initialpErrh t sown "isSymbin equation 1 indicates the  inverse of the coding rate of
data signal (i. ., the number of 10resource elements (RE: resource composed of one symbol or one
sub-ca PUSCH icr) used to transmit one bit).Poffsetindicates the .amount of offset by ?g%lthe
above-mentidhied invelse bf thédsding rate of datd signbd i§Mauitiplied, and is réperted from a base
station to egch terminal apparatus (hereinafter, called the 15"terminal” or 1JE) via upper layers.More
specifically, a table TRAEAEHG cARBIdHTES b BrHGUSOF SHSt Befieet PUSCH Beféd for each part
ol control g oA (2 AHINAGIGSIanal ad G For TR A Base,Staopsglects gne

from
total number of bits in code blocks into which the data signal is
5 divided). Accordingly, EKI_/(MSC?USCH-imHaI_NsymbPUSCH-inmal)
represents a value that depends the coding rate of the data signal
(hereinafter, called “coding rate”}. The (MgcPuscet-
”“'“”-NsymbwscH"i”itial)/EI(;- shown in egquation 1 indicates the
inverse of the coding rate of data signal (i.e., the number of
10 resource elements (RE: resource composed of one symbol or one

PUSCH ._ ;.
CH indicates the

sub-carrier) used to transmit one bit). Poerser
amount of offset by which the above-mentioned inverse of the
coding rate of data signal is multiplied, and is reported from a
base station to cach terminal apparatus (hereinafter, called the
15  “terminal” or UE) via upper layers. More specifically, a table
indicating candidates of the amounts of offset BoffsetPUSCH
4__defined for each part of control information (i.e., ACK/NACK
signal and CQI). For example, a base station selects one amount
of offset BaffsetPUSCH from the table {(for example, see FIG.2)
240 containing candidates for the amount of offset BofrsetPUSCH defined
for ACK/NACK signal and then notifies a terminal of a

notification index corresponding to the selected amount of offset.

As is evident from the term “PUSCH-initial,” (MgcPV5¢H-

initial PUSCH-initial)

‘Ngymn represents the amount of transmission
25 resource for the initial transmission of a data signal.
[0008] The standardization of 3GPP LTE-Advanced, which

provides higher-speed transmission than 3GPP LTE, has started.



1the table (for example, see FIG.2) UP 20containing candidates for the amount of offset Poffset SCH
defined for ACK/NACK signal and then notifies a terminal of a notification index corresponding to the
selected amount of offset. As is evident from the ferm "PUSCH-initial," (MscPUSCH-
initialSynthPUSCH-) initial, represents the amount of transmission 25resource for the initial
transmission of a data signal. [0008]The standardization of 3GPP LTE-Advanced, which provides
higher-spedditransifigdionliiaa-36PR L TEd hasystarted. & Fhei3@ PR LTExNdvarived sydiem

(hereinafter, may be called "LIE-A sgstem") follows the\3)6!3P LTE system (hereinafter, called "LTE
system"). In 3GPP ATEAERNCe, babe Satiohdand téfmindis'that taAEdMmnidHicateintdsdideband

frequency ran f 40 MHz or higher. will be i ced to achieve downljnk transmission rates of up to
 Gbpe. (00BN EAh T AEHEE ink! e (aetof s Soar e at: MARIE butp
(SU-MIMO), transmission.in which a single terminal transmj ta signals in a plurality of layers 10
s been g 1 e UM e ot e S G STt code

words (CWs); eaghypf which is;transmitted in differentdayats. For example, QW#O isdransmiited in
layers #0 and #1, and CW#1 is transmitted in layers #2 and #3.In each CW, a data signal is divided
into a pluratify 45e4 cogie hlockseangfCRC 18 added @ each code block for error correction.For

example, a data signal in CW#0 is divided into
[0009] In an LTE-Advanced wuplink, the use of single user
multiple input muitiple output (SU-MIMOQO) transmission in which
a single terminal transmits data signals in a plurality of lavers
10  has been studied. In the SU-MIMO communications, data signals
are generated in a plurality of code words {CWg), each of which is
transmitted in different layers. For example, CW#0 s
transmitted in layers #0 and #1, and CW#1 is transmitted in layers
#2 and #3. In ecach CW, a data signal 1s divided into a plurality
15 of code blocks and CRC is added to each code block for error
correction. For example, a data signal in CW#0 is divided into
five code blocks and a data signal in CW#1 into eight code
blocks. The “code word” can be regarded as a unit of data
signals to be retransmitted. The *“layer™ is a synonym of a
20 stream.
[0010] Unlike the above-mentioned LTE-A system, the LTE
systems disclosed in the above-mentioned Non-Patent Literatures
1 and 2 assume the use of the non-MIMO transmission in uplink.
In the non-MIMO transmission, a single layer is used at each
25 terminal.

(00117 in the SU-MIMO transmission, control information is

transmitted in a plurality of layers in some cases, and it is



five code blocks and a data signal in C W#1 into eight code blocks.The "code word" can be regarded
as a unit of data signals to be retransmitted.The “layeris a synonym of a 20stream. [0010]Unlike the
above-mentioned LIE-A system, the LIE systems disclosed in the above-mentioned Non-Patent
Literatures 1 and 2 assume the use of the non-MIMO transmission in uplink. In the non-MIMO
transmission, a single layer is used at each 25terminal. [0011]In the SU-MIMO transmission, control
informationtfst it &AsHttel il afpidralify bt fayrdia ddmeCdades) Fitd 1tis® 6tfdnsmitted in 619 of the
plurality of layers in other cases.For example, in an LIE-Advanced uplink, allocation of an ACK/NACK
Signal in a BIUFANE) 6F W< it b G 4 Bihglé Effnat 6 StidietiMdre Shétificany, since an

ACK/NACK signal is the 5Smost import i%ormat'on n al ts of contral inf tion, the same
ACKINAC.K S 13 anoR T 1 B e S (e O B et A Egers

(rank-1 transmission)), thereby terducingintersjayer interference ThesRmg ACK/NACK signals

transmitted in a plurality of CWs (i.e., space-division 10 multiplexed) are combined into a single part of
information:pp & transMissien paih thaerehyreliminating.the need: for theireagiying sigds (bageestation) to
separate the ACK/NACK signals transmitted in a plurality of CWs. Accordingly, inter-layer interference
that may ocaih enAleKeceivitid side during thélseparatiomdaés nbt 16 decyn . Ehys hhighaneeeiving
guality can be achieved. Note that the description below assumes that the control information is an
ACK/NACK signaharidoailodateckisstga OWsHCWHO ahes@W#l).rank-1 transmission}),

thereby reducing inter-layer interference. The same ACK/NACK
signals transmitfed in a plurality of CWs (i.e., space-division
10 multiplexed) are combined into a single part of information on a
transmission path, thereby eliminating the need for the receiving
side (base station) to separate the ACK/NACK signals transmitted
in a plurality of CWs. Accordingly, inter-layer interference that
may occur on the receiving side during the separation does not
15 occur. Thus, high receiving guality can be achieved. Note that

the description below assumes that the control information is an

ACK/NACK signal and allocated in two CWs (CW#0 and CW#1).

Citation List
20 Non-Patent Literatures
[0012]
NPLI1
TS36.212 v8.7.0, “3GPP TSG RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); Multiplexing and channel coding”
25 NPL2
TS36.213 vR.8.0, “3GPP TSG RAN; Evolved Universal Terrestrial

Radio Access {E-UTRA); Physical Layer Procedure”



Citation List 20Non-Patent Literatures [0012] NPL1 TS36.212 v8.7.0, "3GPP TSG RAN; Evolved
Universal Terrestrial Radio Access (E-UTRA); Myltiplexing and channel coding” 25 NPL2 1S36.213
v8.8.0, "3GPP ISO RAN; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer
Procedure” 7 Summary of Invention Technical Problem [0013]In the SU-MIMO communications, when
transmitting 5 control information in a PUSCH, the amount of the resource required to allocate control
information (ACK/NACK signals) is determined based on the coding rate of one of the two CWs, just
as in the LTE system (for.example, Non-Patent Literature 1). For example, as shown in equation 2
below, the (%Edld%l@ Pate chvq;( OBHEAW#0 of the two CWs (i.e., CW#0 and CW#1) is used to determine

the amoun é' ufce O required to assign control information in each layer. [2] Qcw#0 (0
P) XX PUS 5%%%%% gt %%

[0013] In the SU-MIMO communications, when transmitting
5 control information i.n a PUSCH, the amount of the resocurce
required to allocate control information (ACK/NACK signals) 1s
determined based on the coding rate of one of the two CWs, just
as in the LTE system (for example, Non-Patent Literature 1),
For example, as shown 1n equation 2 below, the coding rate rowso
10 of CW#0 of the two CWs (i.e., CW#0 and CW#1) is used to
determine the amount of the resource Qewao reguired to assign

control information in each layer.

[2]

QCW#GZ((OnLP)x i xﬂgﬁfmhll ... (Equation 2)
Fowso

16  [0014] 1In equation 2, L. indicates the total number of iayers {the
total number of layers to which CW#0 and CW#1 are assigned).
In eguation 2, as in equation [, the amount of the resource
required to allocate control information in each layer is
determined by multiplying the inverse (1/rewsuo) 0f the coding rate

PUSCH
20  rcwweo by an offset amount Porrses

and then dividing the result
by the total number of layvers .. A terminal uses the amount of
the resource Qcwso determined in accordance with equation 2 to
transmit CW#0 and CW#1 assigned to the layers (i.e., L layers).

[0015}In this case, however, when CW#0 and CW#I1 are combined

25 in the base station, there is a concern that the reception quality of

control information after the combination may be poor and fail to



(Equation 2)  15[0014]In equation 2, L indicates the total number of layers (the total number of layers
to which CW#0 and CW#1 are assigned). In equ%tion 2, as in equation 1, the amount of the resource
required to allocate control information in each layer is determined by multiplying the inverse (1/rcw 0)
of the coding rate ponsetpuseii 20rcw") by an offset amountand then dividing the result by the total
number of layers L.A terminal uses the amount of the resource Qcwtto determined in accordance with
equation 2 ¥tfdnsmit CWHOARH CW#1 assigned to the layersL layers). [0015]In this case, however,
when CW#0 and CW#1 are combined 25in the base station, there is a concern that the reception

quality of cbhttofinformatioh-afterthe tbmBifation nay bepbdeand' fif® Bifeétaorafhirement.
[0016] CWG?B,_ for example, j transmiiﬁedﬁjsing ék\%\? amount (?f the resource (%cw#%which ist
determined baséd So(l)ﬂutﬁ(éeco@ﬁlﬁ#r%\t\g P00 of CWEOHRASE, the ot S vesouidd appidSriate for

SCW#0.Accordingly ccengral information allpcated in GWi#Q,is likely 10 meef requite g@geqt(j)qn quality.
In contrast, CW# ' ' f v\ﬁl)ch

1 is transmitted using the amount of the resource Qcw#0 s determined based

on thecodipgyrate rewge of CYY#Q (thatds, thesather LW, Aihus: contral infarmatioe gligeated in CW#1
may :

likely to meet required reception quality. In contrast, CW#1 is
transmitted wusing the amount of the resource Qcwso which is
determined based on the coding rate rewszg of CW#0 {(that is, the
other CW). Thus, contrel information allocated in CW#1 may
16 degrade in the reception quality if the layer to which CW#1 is
allocated has a poor transmission path environment.
{00177 As shown in FIG.3, for example, CW#0 is allocated in
layer #0 and l.ayer #1 and CW#1 is allocated in layer #2 and layer
#3. .A description is given of a case where the coding rate of
15 CW#0 is higher than the coding rate of CW#I. To put it
differently, the amount of resource required for the control
information allocated in .CW#O is smaller than that required for
the control information allocated in CWH#1.
[0018] In layers #0 and #1, control information allocated in
20 CW#0 can meet the reception quality required by each CW (i.e.,
reception quality required for control information for the LTE
system/the number of CWs}. In conirast, in layers #2 and #3, the
control information allocated in CW#! has an améunt of resource
determined based on CW#0,; thus, the amount of resource to meet
25 the required reception quality runs short, thus failing to meet the
reception quality required for each CW. Thus, a combination of

the control information allocated in CW#0 and CW#1 may result



10degrade in the reception quality if the layer to which CW#1 is allocated has a poor transmission path
environment. [0017] As shown in FIG.3, for example, CW#0 is allocated in layer #0 and layer #1 and
CWH#1 is allocated in layer #2 and layer #3.A description is given of a case where the coding rate of

15 CW#0 is higher than the coding rate of CW#1. To put it differently, the amount of resource required
for the control information allocated in CW#0 is smaller than that required for the control informat on
allocated int W1 C[OGEB]T f5R15H0 drititdritroltibfdknidtivh afeckiteadn 20 QN#0 an mEst the
reception quality required by each CW (i.e., receptign quality required for control information for the
LTE systentkh® nuhfsiRof Evs) IAEoRtrdSd i I'éeifirsgﬁﬁ ahQ¥3 the ‘dbriFolmfbiMatidn Aliscated in

CW#1 has Er:f%msoug{ of gesource determined based on CW#0; thus, the amount of resource to meet

25the required reca.fptlgﬁl uality runs short, thus failing to meet the reception quality required for each

CW.Thus, a gompinatiop qf the conirol infarmation aliacated in GW#0,.and QWL gy result 9 in a

lower reception quality than thatrequired for all the CWs (i.e., reception quality required for control
informationin §he & dE systerm).i IPPLOlAceardingly it ip apwabjechof the pregentinyention ta,g provide
a terminal capable of preventing the degradation of reception quality of control information even in a
case of adaptingpthies SU-MILMO: transinissiomtmethoi 2ondralsd da previde a communigationatiethod
thereof. 10Solmtion to Problem [0020]A first aspect of the present invention provides a terminal
apparatus thavtransmitshtovoSdodlWisrels o whichicontrel infotrhation i dlledated:; in arplurality of

different layers, the apparatus including: a determination section that determines the
a communication method thereof.

10 Solution to Problem
[0020] A first aspect of the present invention provides a terminal
apparatus that transmits two <code words to which <control
information 1s allocated, 1n a plurality of different layers, the
apparatus including: a determination section that determines the
15 amount of resource of the contrel information in each of the
plurality of layers; and a transmission signal generating section
that generates a transmission signal through modulation of the
controel information wusing the amount of the resource and
allocation of the modulated control information to the two code
20 words, in which the determination section determines the amount
of the resource based on a lower coding rate of the coding rates of
the two code words, or the average of the inverses of the coding
rates of the two code words.
[0021] A second aspect of the present invention provides a
25 communication method including: determining an amount of
resource of control information in each of a plurality of different

layers in which two code words are transmitted, the control



15 amount of resource of the control information in each of the plurality of layers; and a transmission
signal generating section that generates a transmjssion signal through modulation of the control
information using the amount of the resource and allocation of the modulated control information to the
two code 20 words, in which the determination section determines the amount of the resource based
on a lower coding rate of the coding rates of the two code words, or the average of the inverses of the
coding rates'dfthe! &b T deewbids ! jooapdséBohladpeet of e preséat inveAtids brovides a 25
communication method igcludin . determining a%amount of resource of control information in each of

a plurality of aiférent 14J&PS T WhRR ttF EBde Words 48 traAdmittéd, théE cditfe "1 6 fnforiidtion being

allocated i, e g code words; megdulgng the contiol infprmation usingthe amount of e resource;
and aIIocatlng the modulated control information in the two code WOF&S to generate a transmission

signal, in wych ghe amaunt of ,pdhg rEsouLeesis detsrmined pased qnya lower coding, {ﬂé“t‘ qf ghe

coding rates of the two code words, or the average of the inverses of the coding rates of the two code

words sAdvantageaisisfectssofdpventian 1@[0022Hheqresentinvention sanpreyent e degradation
of reception quality of control information even in a case of adopting the SU-MIMO transmission

method. Brief Desgriptionsob Drawings 4 5{0Q23]# G dsshews laccanventional alldcatianvef s s
ACKs/NACKs and CQls; FIG.2 is a diagram provided for describing a table containing
candidates #dr dncoffset iargoumtdn thé cbaventiorral 20case;ds. FIG.3 is a diagram provided for
describing a technical problem; FIG.4 is a block diagram showing the configuration of a base
station according to Embodiment 1 of the present invention; 25FIG.5 is a block diagram showing the

configuration of a terminal according to bodiment 1 of the present invention;
g E(?vantageous %frfdec s ol%nfnvention P

10 [0022] The present invention can prevent the degradation of
reception quality of control information even in a case of

adopting the SU-MIMO transmission method.

Brief Description of Drawings
15 [0023]
FIG.1 shows a conventional allocation of ACKs/NACKs and
CQls;
FIG.2 1s a diagram provided for describing a table
containing candidates for an offset amount in the conventional
20 case;
FIG.3 is a diagram provided for describing a technical
problem;
FIG.4 1s a block diagram showing the configuration of a
base station according to Embodiment 1 of the present invention;
25 FIG.5 is a block diagram showing the coafiguration of a
terminal according to Embodiment 1 of the present invention;

FIG.6 shows exemplary correction factors according to



FIG.6 shows exemplary correction factors according to Embodiment 1 of the present invention;

FIG.7 shows exemplary correction factors accorgi g to Embodiment 2 of the present invention;

FIG.8 shows exemplary correction factors according to SEmbodiment 2 of the present invention;

FIG.9 shows a technical problem in the case where the number of layers differs between initial
transmission and retransmission according to Embodiment 3 of the present invention; and 10FIG. 10
shows a prbeebs forrdeterninirg tthe amoimit bfirese6erde df control information according to
Embodiment 3 of the present invention. Description of Embodiment [0024]Embodiments of the present
invention will be hefelifafter d8sctiBedt i dBEIRNIh refdreiich t'thd AckoRipah/ it dididinds In the
embodiments, the same comnpone nts are Sgiven.the same reference numerals without redundant
descrip [0025] BAbBHiRTEnt 1 GeNisW 8 Cohmmtiniéation System)  In the following

description, a comrpynicafions, system Including base station 190 apg terminal 200,35 H'gsc{ bed

hereinafter is an LIE-A system, for example. Base station 100 is an LIE-A base station, and terminal
200 is an LiE:A, tesminal, 22fof exaronle Jhs,gommunication system is assumed to be a frequency

division duplex (FDD) system.Terminal 200 (LIE-A terminal} can be switched between non-MIMO and
SU-MIMO 12 transpiigsion ripgles; [Q026](Genfiguration o Basei btation) case where the
number of layers differs between initial transmission and re-
transmission according to Embodiment 3 of the present invention;
and
10 F1G.10 shows a process for determining the amount of

resource of control information according to Embodiment 3 of the

present invention.

Description of Embodiment

15 [0024] Embodiments of the present invention will be hercinafter
described in detail with reference to the accompanying drawings.
in the embodiments, the same components are given the same
reference numerals without redundant descriptions.
[0025] Embodiment 1

20 (Overview of Communication System)

In the following description, a communications system
including base station 100 and terminal 200 as described
hereinafter is an LTE-A system, for example. Base station 100 is
an LTE-A base station, and terminal 200 is an LTE-A terminal,

26  for example. The communication system 1is assumed fo be a
frequency division duplex (FDD) system. Terminal 200 (LTE-A

terminal) can be switched between non-MIMO and SU-MIMO



FIG. 11 is a block diagram showing the configuration of base station 100 according to this
embodiment. 5[0027]In base station 100 as shown in FIG.4, setting section 101 sets control
parameters related to resource allocation for control information (including at least ACK/NACK signals
or CQIs) transmitted in an uplink data channel (PUSCH) used to communicate with a terminal for
which the control parameters are 10 set based on the transmitting and receiving capability of the
terminal (i.%,21ES Baipabifity) Brt& State of the transmission path. The control parameters include, for
example, an amount of UP SCF1 offset (for xam(%#e, an amount of offset poff’,as shown in

equation 2)-G86d in aﬁgc%ﬂ hgdf‘iégb%?cg%ffgc%ﬁ?r fRfbrAfhtion 15transmitted by the terminal for which
the control parametﬁ%acr}elset. Se'gtiggoscelgti%q 101 outpuis sett}iga iplformatio%inclucgyg &h_eo ?ontrol

parameters to coding an moldsula%ng section 102 and ACK/NACK an C%)Ir?ec Fv]i'r%g section 111.

[0028]For tgrminals perfarming the nanrMIMO, transmissign, £0sefting section 101 generates MCS

information for a single CW (or transport block) and allocation control information including resource
(or respurceshjock (RB)) aliocatian infarmation while fohtesminals perfosming.St:-MIN@ transmission,
setting section 101 generates allocation control information including MCS 25information for the two
CWs (or transiport blocks), prthesdikec [Q028] Bhe dlloeationcontrel giformatioamgénerated tay setting
section101lincludes uplinkallocationcontrolinformation .13 indicating uplink resource (for example,
physical uplimkoshared ehanhiel (PUBCH)) & whicts tiplifk-datdict & Ferningir il assigned, @hel) downlink
allocation control information indicating downlink resource (for example, physical downlink shared
channel (PDSEHY) tbt®Aichidowrlink datdidddredsed to & Reriisal is dskighed. in ddditlon, the

downlink allocation control infarmation includes information indicating the number of bits of ACK/NACK
s for O S T AR TR bR B O St ShAtoh Tt SUBLAE b dorim

allocatjon 10 _control information to coding and.modulating section.102, reception processing sections
109 i% brecef)fi%nq%%?:ﬁc(){nsofbﬁﬁ fo 1%%1?\%5# nglﬁlﬂgKrgnch bvdlnr%cé;ﬁl/ Egbs%é ion (ifl gﬁ% outputs
the downlink; allpgation Goptrol @f@r_rra%tgfomq %@S@?S@mes'mltger@fam sectign 104 and,
ACK/NACK and CQI receiving section 15lll. [0030] Coding and modulating section 102 codes and
modulates therget information and uplink-allaeationcontid infermationeceived fromesetting section
101, and then outputs the modulated signals to transmission signal generating section 104. 20[0031]
Coding andbdulatifigrsection: 038 cadesiandimodulfited fransriission’datatoabe seesivediand then

outputs the modulated data signals (for example, PDSCH signals) to transmission signal generating
section 10&quation 2) used in allocation of resource of control information

15 transmitted by the terminal for which the control parameters are
set. Setting section 101 outputs setting information including
the control parameters to coding and modulating section 102 and
ACK/NACK and CQI receiving section 111.

[6028] For terminals perfbrming the non-MIMO transmission,

20  setting section 101 generates MCS information for a single CW
(or transport block) and allocation control information including
resource (or resource block (RB))} allocation information, while
for terminals performing SU-MIMO transmission, setting section
101 generates allocation control information including MCS

25 information for the two CWs (or transport blocks), or the like.
[0029] The allocation control information generated by setting

section 101 includes wuplink allocation control information



[0032]Transmission signal generating section 104 allocates the 25 signals received from coding and
modulating section 102 and the data signals recqiyed from coding and modulating section 103 to a
frequency resource to generate frequency domain signals based on 14 the downlink allocation control
information received from sctting section 101 Transmission signal generating section 104 then
converts the frequency domain signals into time-waveform signals using inverse fast Fourier transform
(IFFT) processirigh land addd BScyefie prefe (CIPY Yo thet timd fravithorii signals liidketsy2 ebtaining
orthogonal frequency division multiplexing, (OFDM), signals. [0033]Transmitting section 105 performs
radio transrhis3ibhiirddessitg tdpebhvErs i a‘ﬁHldfbgaflﬁﬁﬁlébﬁéa(ﬁ?ﬂﬁ“&é’rﬂ}eﬂsﬁo‘?‘lséﬁéfb? e like) on
the OFDM %igaalg receiveg%fr%m[ transmissionnjtggipnﬁjl eneraﬁip(gnsecti(ﬁn %QAﬁ ang ghen trapsmits the

signals throug antenna 1 B(ffﬁfﬁélcecpcﬁon Sections 107-1'{0 107- Care}pr%videg flozélﬁ ennas

106-1 to 106:N, B‘?—%e‘:ti?l}’f'?e%‘%!’a@%’}a sections, %9?0 a1 INCLYlE raspectiveyradiogproggssing. sections

108 and reception 15processing sections 109. [0035]More specifically, radio processing sections 108
in respectivepreeeption sacfionsi Q1 &, 107+ recaiyearadia sighals dhreygh regpestive anignnas 106,
perform radio processing (downconversion and analog-digital (A/D) conversion and/or the 20 like) on
the received sadia gignals anthithen odtput e resullingdeceplionisignal$de sespectivedgeception
processing sections 109. [0036] Reception processing sections 109 remove CP from the reception
signals andi pérformefasti-ourigrtansforiv (FFI)iom the igrelstte ddnvertihé signalfshinte frequency
domain signals. 25Reception processing sections 109 extract uplink signals for each
terminal(inciueifgdbteSibnaseadadntrdigignalst.edownlink data (i.c., ACK/NACK

information). Setting section 101 outputs the uplink allocation

10 control information to coding and modulating section 102,
reception processing sections 109 in reception sections 107-1 to
107-N, and ACK/NACK and CQI receiving section 111 and outputs
the downlink allocation control information to transmission signal
generating section 104 and ACK/NACK and CQI receiving section

15 111
[0030] Coding and modulating section 102 codes and modulates
the set information and uplink allocation control information
received from setting section 101, and then outputs the modulated
signals to transmission signal generating section 104,

20 003117 Coding and modulating section 103 codes and modulates
transmission data fo be received and then outputs the modulated
data signals (for example, PDSCH signals) to transmission signal
generating section 104.

[0032] Transmission signal generating section 104 allocates the

25  signals received from coding and modulating section 102 and the
data signals received from coding and modulating section 103 to a

frequency resource to generate frequency domain signals based on



ACK/NACK signal and CQI)) from the frequency domain signals 15. based on the uplink allocation
control information received from setting section 101. If the reception signals are space-division
multiplexed (that is, a plurality of CWs are used (li e., on the SUMIMO transmission)), reception
processing sections 109 separate 5 and combine the CWs. Reception processing sections 109 then
perform inverse discrete Fourier transform (IDFT) processing on the extracted (or extracted and
separated)idigndls tondonbert thecsignals inte: timeé doraimisignals. Receptioh prodessing seétions 109
output the time domain signals to data reception section 110 10and ACK/NACK and CQI receiving
section 115.0687IDat teceplibABERYOH 190 deldbbias tA& Himk?dofairt Sighals recéted o
reception processing s%:%o s 109 and then out{‘)uts the decoded uplink data as reception data.

[0038] ACKIRAEK Shd €01 TEEIViAG Selbfidh i Taldhated 8 13 Brc ‘ﬁ’r"%tvoe?%ﬁlllﬁk res0trée to which
ACK/NACK si | signed, .t d on the setting inf i '0 . ] [ arame ),.the MCS
NS ars assglqlg%%j Ibgﬁ%m‘?éﬁ%ﬁeftg?%”lgﬁp%tcﬁ%' eee%?n}{%, PAl meé%rss 5 N€

information"for u‘%lilnrkV ata signals (i.e., nformation for ea W in the case of the SU-MIMO

transmyssion),.and the.downlink allocation Goptrakinfarmations3Q (for example ACKINAG K igformation

showing the number of bits 6f ACK/NACK signals for downlink data) received from setting section 101.
For CQIs, AGKINACKaANg QI sacejvingysestion 11 fusther calcylatesran piud pf uplink resource
(e.g., NISCH) to which the CQI is assigned, using information concerning the 25 preset number of bits
of a CQI. Basedon thd calculatadiamousnt of iresoure, A/ NAGKsanch€@QI receiving isection 111 then
extracts ACK/NACKSs or CQIs from each terminal for downlink 16 data (PDSCH signals) from the
channel (fop exampierRUSCHY) ta which oplirkidatd sighals have been asbighed {00B9IF thetraffic
state in cells covered by base station 100 remains unchanged or if the measurement of an average
reception 5S¢y is Heedelicdonttol pardiete (féeddmplé thevafofint BF SHaEEE3IPUSEH offset)

to be notified by base station 100 to terminal 200 should, preferably be transmitted in an upper layer at
alonéO sig%{ai generatilng section 21(94, andpf?{len ¥ransm1ts ﬁle s1.gn%qs y

through antenna 106-1.
{0034] Reception sections 107-1 to 1067-N are provided fo
antennas 106-1 to 106-N, respectively. Reception sections 107
include respective radio processing sections 108 and reception
15  processing sections 109.
[0035] More specifically, radio processing sections 108 in
respective reception sections 107-1 to 107-N receive radio signals
through respective antennas 106, perform radio processing
(downconversion and analog-digital {(A/D) conversion and/or the
20 like) on the received radio signals and then output the resulting
reception signals to respective reception processing sections 109.
[0036] Reception processing sections 109 remove CP from the
reception signals and perform fast Fourier transform (FFT) on the
signals to convert the signals into frequency domain signals.
25 Reception processing sections 109 extract uplink signals for ecach
terminal (inciuding data signals and control signals (i.e.,

ACK/NACK signal and CQI})) from the frequency domain signals



notification on interval (RRC signaling) from a perspective of signaling. Transmitting all or part of these
control parameters as 10broadcast information leads to a reduction in an amount of resource required
for the notification. On the contrary, if control parameters need to he dynamically changed in response
to the traffic state in cells covered by base station 100, all or part of these control parameters should
preferably be notified in a 15PDCCII at a short notification interval. [0040](Terminal Configuration)
FIG.12 is aiblociddiagrameshoningithelcosfiguationcof tephinal 200iatascordameewith Bmbodiment |
of the present invention. Terminal 200 is an LIE-A terminal which receives 20 data signals (downlink
data) and trisiits aHPAERNACK signHli ddtfesifortiiyts tié #atd sighdls tRbtigh®d physidal uplink
control channe] (P CCH% (ir EUSCH to bzse station étoﬁ(%.\il']erminal 200dtr nsmits a CQI tg@ase station
) thr Iig

100 in accoPdande withSitstrittion infdratidh Hotified througha prysical dofunlifk 2580rtrol channel

(PDCCH). [pDAJdlg termingl 208 8'%‘1‘51 n in Bl -é_’orﬁcﬁﬁ’ﬂ%% EQj/;gg” 39&‘?8%!8”{‘3 sad H"JP&FéSi.”g

(down-conversion and analog-digital 17 (A/D) conversion an the like) on radio signhals received

through anteppa 20%:3 (e QRRMsignals herein),and.outputs dhe regulting reception signals,to
reception processing section 203. The reception signals include data signals (for example, PDSCT1 5
signals), allpeation:gontieldafarmigtien and taperilayercontrol informatipm ingludingssettingdaformation.
[0042] Reception processing section 203 removes CP from the reception signals and performs fast
Fourier transferm XFFI) tenithe remainingtsignals 4o eopuert the signalsdnto frequeney 10 domain
signals. Reception processing section 203 then separates the frequency domain signals into upper
layer contralisigridls (fot exarfipte IRRG sigridliiy) ifcludingcsating information! Alos&tdhadbhtrol
information, and data signals (i.e., PDSCH signals), and then demodulates and decaodes the separated

signals. Re¢&ptioh™1 ProdBSsihigsectiBP208 aldé Briétk5tne Heta §iGRAIS! AR afréristhand f the
oo S A e SACH sl s et nd oo gerraes an Al o
information ang MCS 20information,in e allocafion contepl IfOrmalion 19, LESYECE qomain
signals received from reception processing sections 109 and then
outputs the decoded uplink data as reception data.
[00387 ACK/NACK and CQI receiving section 111 calculates the
15 amount of uplink resource to which ACK/NACK signals are
assigned, based on the setting information (i.e., control
parameters), the MCS information for uplink data signals (1.e.,
MCS information for each CW in the case of the SU-MIMO
transmission), and the downlink allocation control information
20  (for example, ACK/NACK information showing the number of bits
of ACK/NACK signals for downlink data) received from setting
section 101. For CQls, ACK/NACK and CQI receiving section
111 further calculates an amount of uplink resource (e.g., PUSCH)
to which the CQI is assigned, using information concerning the
25  preset number of bits of a CQI. Based on the calculated amount
of resource, ACK/NACK and CQI receiving section 111 then

extracts ACK/NACKs or CQls from each terminal for downlink



amount determining section 204 and transmission signal generating section 205, and outputs setting
information (for example, control parameters (an @mount of offset)) to resource amount determining
section 204, and outputs the uplink allocation 25 control information in the allocation control
information (for example, uplink resource allocation results) to transmission processing sections 207 in
respective transmitting sections 206-1 IR to 206-M. [0043] Resource amount determining section 204
determinesdhésambit bfttesoarcel faquired o Bifocaté NCK/NACK sighals, BasBd orfthe ACK/NACK
information (the number of bits of ACK/NACK signals), MCS information and control parameters (an

amount of Gf8&E Br tHe fikE) LaheethiyresitéE anbEaion trddhtrol information (ACK/NACK signals)
received from reception processing.section 203. For CQIs, resource amaunt determining tion 204
determinescﬁ{@%?agriou?l o}l?é?sgﬁr%g 1r8ql§i%r)‘néaetolfo gﬁgl:?até’ ?_Sbtfsl,ebgasbeﬂ g)nat?wee l\?l%éi in orr;ﬁa lon and
control pargmegters (an ameunt ofoffset prine like).concaIng resoyree,aliacation.of conygl,

information (CQIs) received from reception processing section 203, and the préset number of bits of a
CQL. I the cage;ofthe SL-MIMO transmissign. wheredhe (we CWs ko (LW1A4Q and CyW#1) are
transmitted in a plurality of layers, resource amount determining section 204 determines the amount of

resource fos eachtofithe,plaitality’ of layers, thetamedntof the sesetnaedeing allaecateeta aomtrol
information (ACK/NACK signals) allocated in the two CWs (CWfi0 and CW111). More 20 specifically,
resource amolUntdeterining Sectibhy20dedétermines tihd amoumt oftihe reseurce basedlom gither the
lower coding rate of the coding rates of the two CWs or the average of the inverses of the coding rates
of the two CWE. Detiioan metksds for RBfminfrig id Bhidunt 69 the résoliféeé PEGUirEd tollocate 25
control information (ACK/NACKs or CQIs) in resource amaunt determining section 204 is given
hereinafter SRE8BhICeFamolift B&BHinfty 8&ttvh BAA olitphts e eHhiinel*amBuiitsf 19 resource
to tra?gmis%iggaségcngsl tgepgg[j%t]i_,n asteict]ir{m eOan £00§4]Transm'%sé%n signlarll genneragirrﬁq)ﬁlction 05
generates a trafsmission signal by allbca INg an ACK/RAL S|gna(f ](lerror detection resuft of downlink

data), data signgls (yplink data).and CQIg (downlink gyaiityinformation) i, CWs alogaged ig one or
more layers based on the ACK/NACK information (the number of bits of an ACK/NACK signal) and

MCS informafipn: teceivied fiem:recention progessineghsastien 1393cﬁ99f}§]&/£0@1396§%§i§%|!;36 to
transmission signal generating section 10 205 first modulates the ACK/NACK signal based on the

amount of thigerasaufitie: (k€a tthe @meunt of resaurdeof the ACK/NACK signalki¢ceivedifromiresource
amount determining section 204. Transmission signal generating section 205 also modulates the CQI
based on thé asrountof thelresouree: @631 the Binvount ofbISresourée oftthe @QIs) redeivied from
resource amount determining section 204. Transmission signal generating section 205 modulates
transiissioR ld4t& dsing the ‘gmﬁuﬁpdﬁfﬁé%éé%ﬁréé%%‘é‘b?fied by using the amount of the resource (i.e.,

CQI resource amount) received from resource amount determining section 204
[0040]7 T(lterminal Configuration}

FIG.12 is a block diagram showing the configuration of
terminal 200 in accordance with Embodiment ! of the present
invention. Terminal 200 is an LTE-A terminal which receives

20 data signals {(downlink data) and transmits an ACK/NACK signal
corresponding to the data signals through a physical uplink
control channel (PUCCH) or PUSCH (o base station 100.
Terminal 200 transmits a CQI to base station 100 in accordance
with instruction information notified through a physical downlink

25 control channel (PDCCH).

[0041] In terminal 200 shown in FIG.5, reception section 202

performs radio processing (down-conversion and analog-digital



20(the amount of the resource is specified by subtracting the amount of CQI resource from the amount
of the resource for each slot). [0046]In the case gf;non-MIMO transmission, transmission signal
generating section 205 generates a transmission signal by allocating the ACK/NACK signal, data
signals and CQI that have 25 been modulated using the above-mentioned amount of resource in a
single CW. Meanwhile, in the case of SU-MIMO transmission, transmission signal generating section
205 generatés’ & 20 HAR¥MSIIDA sighdl By alldtatingtié AEK/NKEK sighal Bhth dats %Fgﬂéag that have

been modulated using the above-mentioned amount of resource in the.two CWs and by allocating the
CQlin one bt the ﬁ’/&o %‘?‘tée%”g&re%,lihethe%ci el\gf ﬁéﬁﬂ\fﬂ?\ﬁ&%fr% fds oﬁ%&’n‘gﬁisﬁ i6n signal
generating sectjon. 205 igns-a gin Jo.a single. layer, and.in.t e.case fc M
transmissiofl,g%ga?ng% s?g)%n% ggzg %e%a%a%yn% sé?:)tiopn%o ast?grrlgdrt e%wo?%%/vs? to§ g %Z\%ﬁdf

layers.For example @%Fm sase gf the SUsMIM@transmissian, fransmissian signalgenerasingy10section
205 assigns CW#O0 to layer #0 and layer #1 and assigns CW#1 to layer #2 and layer #3. [0047]In the

preserge of data:signals and CQIsitodm ransmitied ; transmissiondsignal generating section 205
assigns the data signals and CQIs to an uplink data channel (PUSCH) by
information including setting information.
[0042] Reception processing section 203 removes CP from the
reception signals and performs fast Fourier transform (FFT) on
the remaining signals to convert the signals into frequency
10  domain signals. Reception processing section 203 then separates
the frequency domain signals into upper layer control signals (for
example, RRC signaling) including setting information, allocation
control information, and data signals {i.e., PDSCH signals), and
then demodulates and decodes the separated signals. Reception
15 processing section 203 also checks the data signals for an error,
and if the received data contains an error, a NACK signal is
generated, and if not, it generates an ACK signal as the
ACK/NACK signal. Reception processing scction 203 outputs
ACK/NACK signals and ACK/NACK information and MCS
20 information in the allocation control information to resource
amount determining section 204 and transmission signal
generating section 205, and ouiputs setting information (for
example, control parameters (an amount of offset)) to resource
amount determining section 204, and outputs the uplink allocation
25 control information in the allocation control information (for
example, uplink resource allocation results) to transmission

processing sections 207 in respective transmitting sections 206-1



15 time in ng or frequency division multiplexing using a rate matching in one of the plurality of CWs as
shown in FIG. 1. In the presence of data signals and ACK/NACK signals to be transmitted,
transmission signal generating section 205 overwrites part of the data signals with ACK/NACK signals
in all of the 20plurality of layers (i.e., puncturing).To put it differently, ACK/NACK signals are
transmitted in all the layers. In the absence of data signals to be transmitted, transmission signal
generating Kctifh 2ds assigns CQIs and ACK/NACK signals to an uplink control channel (for

example, P . Trans 25 signal generatjng section 205 then,outpyts the transmission signals thus
genorated (ARG ACKNACK SUNA HAtS SoHald bf GOSS 16 iar g SAcioRe 00T 1
206-M. 21 [Q0481Transmitting, sectiops 206-14 WOZQ?IMC%‘%%GRP@E@Wﬁﬂtﬁng?gﬁgﬂs‘} B%%%%r'\"'
respectively. Transmitting sections 206 include respective transmission processing sections 207 and

radio procegsing, seotiens, 2R (049]Mars spesificallye transmissiony precessing gertions, 207 in
respective transmitting sections 206-1 to 206-M perform discrete Fourier transform (DFT) to the

transnission gignads received from tiansmission Signah generating sestion 2051(i.emsignalse f
corresponding to respective layers) to convert the data 10signals, ACK/NACK signals and CQlIs into
frequency doffiairt signalsifeansmissionopproeessing seetions267 thélmaps the plurality: of frequency
components obtained by the DFT processing (including ACK/NACK signals and CQIs transmitted on
the PUSCH)tbotha aiplimR data’ch&nnies (FuSCHEbased ontthedplink from  reception
15resourceallocationinformationreceivedfromreception processing section 203. Transmijssion
processing RERiGHS 90 SRR the? Prorality 8f freddEhey ESMPORENTMATHed 0 HEPBSEH into
time domain watvefornbsoahnd gdg CP theretoﬂ[IOOSO]Radio procg?ssing7 sections 208 1perf rm radio
processing 20(lip&dnvérsion ant digitdianaloy (DAY Eonversidh anaior the likef G the Sighidls to

which &P hag begn addeg and then franspjt the sianglshroygh Jespegtive antepnas 207:-1to 201-M.
parameters {(an amount of offset or the like) concerning resource
allocation of control information (CQIs) received from reception
processing section 203, and the preset number of bits of a CQI.
In the case of the SU-MIMO transmission, where the two CWs

15 (CW#0 and CW#1) are transmitted in a plurality of layers,
resource amount determining section 204 determines the amount
of resource for each of the plurality of layers, the amount of the
resource being allocated to control information (ACK/NACK
signals) allocated in the two CWs (CW#0 and CW#1). More

20 specifically, resource amount determining section 204 determines
the amount of the resource based on either the lower coding rate
of the coding rates of the two CWs or the average of the inverses
of the coding rates of the two CWs. Details on methods for
determining the amount of the resource required to allocate

256 control information (ACK/NACKs or CQIs) in resource amount
determining section 204 is given hereinafter. Resource amount

determining section 204 outputs the determined amount of



[0051](Operations of Base Station 100 and Terminal 200) The operations of base station 100 and
terminal 200 hay 25 the above-mentioned configurations will be described below. In particular, the
method used by resource amount determining section 204 of terminal 200 to determine the amount of
the 22 resource required to allocate control information (ACK/NACKSs or C(Ms) will be described in
details. In the following description, the method for determining the amount of the resource in the
SUMIMO tragistriission, avhiere siplrality of GWalte which: Ebhttof Sirlfotmation-is allocated are
transmitted in a plurality of layers, will be described. [0052]In the following description, terminal 200
(transmissioh® dignaltdérierating seBtioh 2BBY aficchicd AeR/NACK Siynald wisith &ra Eontrbl
information, in the two CWs gi.e. CW\éO agﬂ (1)OCW#1.). %OS&HQ%QE@M Met oc(i%l to 5 for

determining]iﬁg HAhountdf the %élsaolurceY of cortrol intermation are deséribed Betow: [0 Af]mr

<Determinajion, Msthod L2 In Deterijnation,Mefhod 1 tesouras amaunt deterining 5 sggtion 204

determines the amount of the resource required to allocate control infor on in each layer based on

the lower ceding; rate pf the £oding sates of the twa GWis)to; whickhconinalintarmation isallogated.More

specifically, resource amount determinsection 204 determines the amount of the resource 20 required
to allocate epatrel infeemnatipnsdn €ach layer @O ew#Ikbasethom the dawer icedingurate :ofdthe coding

rates of CWiit0 and CW#1 (coding rate rlow Mc in accordance with equation 3. [3]
QCW/TO+GWH#1¢P) X1 x FPRSCA CKEquatien)3pnd MCS information received from
reception processing section 203.
[0045]7 More specifically, transmission signal generating section
10 205 first modulates the ACK/NACK signal based on the amount of
the resource (i.e., the amount of rescurce of the ACK/NACK
signal} received from resource amount determining section 204.
Transmission signal generating section 205 also modulates the
CQIl based on the amount of the resource {i.e., the amount of
15 resource of the CQIls) received from resource amount determining
section 204. Transmission signal generating section 205
modulates transmission data using the amount of the resource
specified by using the amount of the resource (i.e., CQI resource
amount) received from resource amount determining section 204
20  (the amount of the resource is specified by subtracting the amount
of CQI resource from the amount of the resource for each slot).
[0046] In the case of non-MIMO transmission, transmission
signal generating section 205 generates a transmission signal by
allocating the ACK/NACK signal, data signals and CQI that have
25 been modulated using the above-mentioned amount of resource in

a single CW. Meanwhile, in the case of SU-MIMO transmission,

transmission  signal generating section 205 generates a



oirsei riowmcs 25[0055]With reference to equation 3, O indicates the number of bits in control
information and P indicates the number of bits fox,23 error correction added to control information (for
example, the number of bits in CRC and in some cases, P=0). L indicates the total number of layers
(the total number of layers containing CWs). 5[0056] Resource amount determining section 204, as
shown in equation 3 and as in equation 1, determines the amount of the resource of control
informationtire@4eh 1ager Bysmaniplyiny thelnvetde G/iswnies) of Ré coldint kdté riawmcd Hythe
amount of offset Poffse,PUSCII, and then dividing the result hy the total 10number of layers |_. [0057]
In this manfek thesreddtion quaity é‘f&ﬁ’irealﬁﬁga{@ﬁ ¢ah'be e?%ﬁrea {4 tHE9EYEYL More
specifically,ailr]g1 tohuenl?yg : c]penstgilqirn Civﬁl#%% or tCV\A# 'ib@\s’in the Ioweﬁgodiqilgate gi.ee. vlvith the

. i ‘ hy aligc
coding rate riowmcs), the amotuint of resource QCcw#o cw 5 détermined ba eél on the codrilng rate

riowmcs, that is, 33 approRriate amQunt of resourceris,ysed far transmission,, thus ensyring e control

information allocated in that CW meets the required reception quality. In the layer containing CW#O0 or

CW#1 havipg.thehighetoding kate,ithe amauntof theseserica 20:Qewida awl determined based
on the coding rate riowmcs (that is, the coding rate of the other CW) is used for transmission, but that

amount is eguad te oCIoretthar theiappropriatecamountdof fesource. Thus, the cahtreMibimation
allocated in that CW can sufficiently meet the required reception quality. 25[0058]As shown above, in
accordancet withsDetesatinationavethod st creseugseadmountdetemainireseetio 204 asesza €W with
the lower coding rate of the coding rates of the plurality of 24 CWs to determine the amount of the
resource of &6htrBl Inforthiatich @aRhaYET! Yn Hthk: Widrtls, rdsolreéd amblipt d8tesiniig seefion 204

uses a CW assigned t yer in a poor transmission path environment.among a plurality of CWs to
determine B AmSUL M Lo aMAE SR LN micH AR 17 SAH lngtie ils cRESHTg ThaErequired

reception quality. is_sufficiently met in al CWs, including.the CW,assigned to a layer in a poor
R S@Cylhcﬂ Uﬂ% asst?%lsjslebl\m‘r%) Y\é lal%%r ey lae}b?.g %q PYEL S

transmission path environmen ase stafion can meet reception quaﬁt%/ requfr%%nby all the
CWs 10(i.e ¢ fgceptign p&@@}yg@qgﬁqﬁ py}@ngggl_information in an LTE system).Accordingly, by

combining CW#0 and CW#1 into
0047} In the presence of data signals and CQIs to be
transmitied, transmission signal generating section 205 assigns
the data signals and CQIls to an uplink data channel (PUSCH) by
15  time multiplexing or frequency division multiplexing using a rate
matching in one of the plurality of CWs as shown in FIG.1. In
the presence of data signals and ACK/NACK signals to be
transmitted, fransmission signal generating section 205 overwrites
part of_the data signals with ACK/NACK signals in all of the
20  plurality of layers (i.e., puncturing). To put it differently,
ACK/NACK signals are transmitted in all the layers. In the
absence of data signals to be transmitted, transmission signal
generating section 205 assigns CQIs and ACK/NACK signals to an
uplink control chaanel (for example, PUCCH). Transmission
25  signal generating section 205 then outputs the transmission

signals thus generated (including ACK/NACK signals, data signals

or CQIs) to transmitting sections 206-1 to 206-M.



control information, base station100canensure thatthe combined control informatiocan meet the
required reception quality, and prevent the degragdation of reception quality of the 15control
information. [0059] Determination Method 2> In Determination Method 2, resource amount
determining section 204 determines the amount of the resource of control information in each layer
based on the average of the inverses of 20 the coding rates of the two CWs. More specifically,
resource afftlht Heterhiiamgsecion 204 détérirines e hmbtintof thétesbtifés Wb clii of
control information in each layer in accordance with equation 4 belg\év. 4] 25.4)[00 60][.In equation 4.

low#0 indichfeS THeaodmy rate 6F CWHD afd rET#1E fifdithtes the ¢ FHAtd BFEWHIC 0B ]

Resource afé%unt delter inin% secttion 204, as shown in 5 eguation 4 and a§.in eq i(?n,]ﬁ
. 1nCELL % ﬁ@ r%ec 1ve I'B.IISH'IILS?]OI’I }31‘ .CGSSEH% SC 1OD?. . and
determines the amount of the resource of ‘control information in each fayer by multiplying an average

of the inverlsgd(ilér%o() épgstn@é(g@iggi fate tew#0 and the inverse (1/rcw# ) of the coding rate rcw#1 by

an amount of offset [3offscr NISCH and dividing the result by the total number of layers 10L.
[0062]©ne pitcof ghe cantral inforpationallocated s @MQ isacoglesldpta (scwie) bitd dkewise, one bit
of the control information allocated in CW#l is coded into (1/rcw#1) bit.In other words, the average of
the numberi af bits gbtained:byicading it5iane bitafithensontedl dnformation inteddh GW ((/taw#o) +
(1/rcw#1)/2) corresponds to the average of the number of bits appropriate for combining CW#0 and
CW#1. Thudi tlve alerae ofithe inverseSootthe (GW €oding ratbs ((trcwwo) #s (lifpawsd)2) dguals the
inverse of the coding rate of a combined CW obtained 20 by combining CW#0 and CW#1

received from transmission signal generating section 205 (i.e.,
signals corresponding to respective layers) to convert the data
10  signals, ACK/NACK signals and CQIls into frequency domain
signals. Transmission processing sections 207 then maps the
plurality of frequency components obtained by the DFT processing
(including ACK/NACK signals and CQIs transmitted on the
PUSCH) to the uplink data channels (PUSCH) based on the uplink
15 resource allocation information received from  reception
processing section 203. Transmission processing sections 207
convert the plurality of frequency components mapped to the
PUSCH into time domain waveforms and add CP thereto.
[0050] Radio pmcessing sections 208 perform radio processiang
20  (upconversion and digital-analog (D/A) conversion and/or the
like) on the signals to which CP has been added, and then transmit
the signals through respective antennas 201-1 to 201-M.
[0051] (Operations of Base Station 100 and Terminal 200)
The operations of base station 100 and terminal 200 having
25 the above-mentioned configurations will be described below. In
particular, the method used by resource amount determining

section 204 of terminal 200 to determine the amount of the



[0063]In accordance with Determination Method 1 (equation 3), the amount of resource is determined
based on the lower coding rate of the coding rates, of the two CWs (i.e., CW#0 and CW#1). This
means that an appropriate amount of resource is determined 25 for the layer containing a CW with the
lower coding rate among CW#0 and CW#1, while an amount of resource equal to or more than an
appropriate amount of resource is determined for the layer 26 containing the other CW (i.e., CW with
the higher E6diAd F4te)! whidh festifts 3h\astefurGst e tesBhrda 10062 n(dohtiast dlakcortanceith
Determinati ethod 2, resource amoynt determining section 204 determines the amount of resource
of control in@ﬂﬁio‘ﬁ’iﬁe ¢h eﬁ)gecrr6§§’§d Bh the'verse dfthedoding' Fatd bEatohbired Cwv
obtained b%écomb'n{%%QWﬁﬁQ %neq CW#1. trlgr@/%ra e of tl}e inverses of the_c%dlgg rﬁtgs _CW#0 and

CWH#1). [00 EJan amount of resource sma 1an that determined bf}elso%leltgrmlnatlon ethod 1 for

the layer coptpining &G Y With 8 bighef ceding rale hetwean GWAOw@Nd LW is determined. In other

words, Determination Method 2 can reduce more wasteful Use of resource than Determination Method

1 for adayer;afigeatadito:a CWawithdheighee cedingsrata 48 conirast. am ameunt of 1presqurce less
than an appropriate amount of resource is determined for a layer allocated to a CW having the lower
coding ratewAsldescileed aliové, since resource amount determining section 204 determines the
amount of the resource such that a combined CW obtained by combining all the CWs can meet 20
required ret@ptichl quatityt basésthtior 100 ¢ontbinesi CWH0 aimd BWH L 8fd ehsuresithatithe
combined control information can meet required reception quality. [0066]As described above, in
accordance With Det&fiifatdhMeth§d 2 fresotifte)antdlAtdéermifikdddtidn Bo4sdetethtines

which are control information, in the two CWs (i.e., CW#0 and
10 CWH#HL).

0065317 Determination Methods 1 to 5 for determining the amount

of the resource of control information are described below.

[0054] <Determination Method 1>

In Determination Method 1, resource amount determining

15  section 204 determines the amount of the resource required to

allocate control information in each layer based on the lower

coding rate of the coding rates of the two CWs to which control

information is allocated. More specifically, resource amount

determining section 204 determines the amount of the resource
20 required to allocate control information in each laver Qewso + cwel

based on the lower coding rate of the coding rates of CW#0 and

CW#1 (coding rate ripowmcs) In accordance with equation 3.

[31]

-1

X Poge 1L} ... (Equation 3)

chwv‘-mcwm = [<O + P)x

r! owMCS

25 [0055] With reference to equation 3, O indicates the number of

bits in control information and P indicates the number of bits for



25 the amount of resource required to assign control information in each layer based on the average
of the inverses of the coding rates of the plurality,Qf CWSs. This prevents the degradation of 27
reception quality of control information while reducing wasteful use of resources. [0067]
<Determination Method 3> In Determination Method 3, resource amount determining 5 section 204
determines the amount of the resource of control information in each layer based on the inverse of the
coding ratetat orie of the avbPCWsddhta torreetidn ddctor Hotified from bbse statonnieo. More
specifically, resource amount determining section 204 determines the amount of the resource Qcw;io
cwfil of 10coRFOY frifofrhalibh’ i Rachtayérit dlcortiahee Wit Bqdatioh 5 below. 46 eV %867 1 ( 0-

- X (1Pwai x P,of{set N'r | ée%@é%fﬁ'ﬁ%% t?c)m(ép%% , rciv#0 indicates the codlng grate of

A y? «iquatioan | ( e
CW#0 15ahd Yoffset' cor Clor Wotiflec oM base statign €75 contaim
CWs).

5 [0056] Resource amount determining section 204, as shown in
equation 3 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying the
inverse (1/riowmcs) of the coding rate ri,wmcs by the amount of
offset Boffsc{PUSCH, and then dividing the result by the total

10 number of layers L.

[0057]7 In this manner, the reception quality required by each CW
can be ensured in all the layers. More specifically, in the layer
containing CW#0 or CW#1! having the lower coding rate (i.e., CW
with the coding rate rigwmcs), the amount of resource Qecwso + cwys

15 determined based on the <coding rate rigwmcs, that 1is, an
appropriate amount of rescurce i1s used for transmission, thus
ensuring the control information ailocated in that CW meets the
required reception -quality. In the layer containing CW#0 or
CW#1 having the higher coding rate, the amount of the resource

20 Qcwso + cwy1 determined based on the coding rate ri,wmes (that is,
the coding rate of the other CW) is used for transmission, but that
amount 1is equal to or more than the appropriate amount of
resource. Thus, the control information allocated in that CW can
sufficiently meet the required reception quality.

25  [0058] As shown above, in accordance with Determination

Method 1, resource amount determining section 204 uses a CW

with the lower coding rate of the Coding rates of the plurality of



100 as a control parameter. [0069]Resource amount determining section 204, as shown in equation
5 and as in equation 1, determines the amount of the resource of control information in each layer by
multiplying the 20inverse (1/rciiH,0) of the coding rate rcwno by an amount of offset PUSCH 13offset,
further multiplying the resulting resource amount by a correction factor yoff"t, and dividing the result by
the total number of layers L. [0070]An exemplary correction factor yoffsei notified from base 25station
100 is shovinthsFId b.Bagé Siatiohe100/seleétd & E8freclidn fafor v ¢ offdétBased orf& Bifférence in

coding rate. 28 between two CW#0 and CW#1 (di?erencg in reception quality) or a coding rate ratio
between CWHO ARG BRI (FatioGFtBceftio quality). (607 tiMote Speeificaily, fthe cBaiig Fhte of a

single CW S(coding (ae [owf0of GWDn, (s case) ysed o detefmine fhe amount of the resource of

control information is lower than the coding rate of the other coding rate

case), base siation 10 Mses A eprrestion fagtar ferisetof ﬁ%alge lgsshan 1.0 any-afthe correction
factors for the signaling #A to 10#C shown in FIG.6). [0072]On the other hand, if the coding rate of a

single CW (cogingnrate rew#0 ohG\WHD in this case)susestto deterrainerthe amaunk of the resource of
control information is higher than the coding rate of the other CW (coding rate rcw#1 of CW111 in this

case), base:station 1@ useslauwcorrectian fagiortYaffset excdedihg 14 (gne of cogrestion fagtors for the
signaling #E and /IF shown in FIG.6). [0073]The smaller the difference in coding rate between the
CWs (differenéélipni patidption guality il tHeccl6serso imetheding the CW assigned to a

layer in a poor transmission path environment,. Thus, base
station 100 can meet reception quality required by all the CWs
10 (i.e., reception quality required by control information in an LTE
system). Accordingly, by combining CW#0 and CW#1 into
contrel information, base station 100 can ensure that the
combined control information can meet the required reception
qﬁahiy, and prevent the degradation of reception quality of the
15 control information.
[6059] Determination Method 2>
In Determination Method 2, resource amount determining
section 204 determines the amount of the resource of control
information in each layer based on the average of the inverses of
20 the coding rates of the two CWs. More specifically, resource
amount determining secction 204 determines the amount of the
resource Qewge + cwyr of control information 1in each layer in
accordance with eguation 4 beiow.
[4]

i i
o

'VCW #1 ﬁ PUSCH / I

2 offvet

z ¥
25 Qow worewsn = (O + p)x-—t2Ll

|

(Equation



20 correction factor yoff't selected by base station 100 is (if there is no difference in coding rate
between the CWs (i.e., the rates are identical), the correction factor for signaling #D shown in FIG.6
(1.0) is selected). [0074]Base station 100 notifies terminal 200 of setting 25information including
control parameters including the selected correction factor yoffset (the signaling number of the
correction factor yoff"i) via the upper layers. 29 [0075] As described above, resource amount
determining $ection 204 uses a correction factor yoffsei set in accordance with a difference in coding
rate (a difference in reception quality) between the two CWs to correct the amount of the resource 5
determined:B4$et on the &8ding fate finverse)of 8 Of thé thbCWR 007 6TAS SHol a6 e,
determination ﬁ?f the am.&lk?t of the resourc based on th]g_a krtjyﬁgg of the lower coding rate of the
coding ratedbf the Hid CINE(ROGIG Hite FoW D éli40 in'this ™0 case) results in setting of an excess

amount of respyice fog e, qther CILICWL L fas.ease). Jor.xample- Jo £ong wit fis prpler,
(0}

Ti T
resource amount determining section 204 can reduce the éxcess use of resource for the other CW

(CW#Iin ﬂy‘g&@%@& by multiplying the ampuntof the resauree defermingd baged on ther15iwerse of
the lower coding rate by a correction factor I'orcset of a value less than 1.0. Likewise, determination of

the amountefstheresourceckasad Onithednkearseoaf the higher deding rate ahthe peding sates of the
two CWs results in an insufficient amount of resource for the other CW. To address this problem,
resource 2G:amount deterrhining sectien 204 can increse thecamougt ofithe resourceadf tHecother CW
by multiplying the amount of the resource determined based on the inverse of the higher coding rate
by a correctibii $aétor yoffset of a vadludéxcaeting 1101 fOO7F As Esefibédiabove, ®huatiores corrects
the amount of the 25 segource determined based on the coding rate of one of CWs %:oding rate rcAvtio
of CWA40 inlthig:case) witd CoftEEtibhYactdt ot Bat i dcdBraalREAhith dtifdrehte ivddding rate
between 3(Rthe two CWs, thereby allowing the calculation of the amount of the resource based on the
two s (i.6:, required reception quality of a combined CW obtained by combining the two CWs)

[0078[To py ciferersly,rasqurce amount defermining seetian 5 204 .corredts thecoding rare

(inverse) of one of the two CWSs in accordance wi erence in coding rate between the two CWs
More specifically gresquice ameunt.dsteqmining sectien, 204 adjusts the cogected coding ratg such

that the coding rate is approximated to the average of the coding rates of the two CWs
information allocated in CW#! is coded into (l/rcwz} bit. In
other words, the average of the number of bits obtained by coding
15 one bit of the control information in each CW ({(l/rcwso) +
(1/rcw#1)/2) corresponds to the average of the number of bits
appropriate for combining CW#0 and CW#1. Thus, the average
of the inverses of the CW coding rates ((l/rewsgo) + (I/tcws1)/2)
equals the inverse of the coding rate of a combined CW obtained
20 by combining CW#0 and CW#1.
[0063] In accordance with Determination Method 1 {equation 3),
the amount of resource is determined based on the lower coding
rate of the coding rates of the two CWg (i.e., CW#0 and CW#1),
This means that an appropriate amount of resource is determined
25 for the layer containing a CW with the lower coding rate among

CW#0 and CW#1, while an amount of resource equal to or more

than an appropriate amount of resource 1s determined for the layer



10 by adopting a larger correction factor (you-set) for the coding rate (i.e., inverse) of one of the two
CWs in response to a larger difference in coding Jate between the two CWs. Accordingly, the inverse
of the corrected coding rate (yoffset/rcw40 in equation 5) corresponds to the average of the inverses of
the coding rates of 15the two CWs (i.e., the value to which the corrected coding rate is
approximated).Resource amount determining section 204 determines the amount of the resource of
control infofiAatien ddch Ieyer hB8&d dn the @verage Bf thel flverB&s bf SlecEoding rafed of the two CWs
(i.e., the inverse of the corrected coding 20rate (Yorrset/rcw#o in equation 5). [0079]As shown above,
in accordan%g\/\‘?i& et ridindtiol Méthdd 3 ¥8sbhrE& dHEGft determining section 204 determines the

amount of réeggurc[el:1 requiredto alloca'gieoqontéol informattign @egagrpnllaxg_it%gl§e§/1%@ﬁg%i@verse of

. 0 c tasf, 11 cordangce Wi 0N 2 .
the coding rate of one Wan&acorrectlon actor set in accordance with a difference in"¢oding

rate between the, we CWsS, I, this manper, e, amount af the lesgUics 1 Gensideration, gi bgth of the

two 31 CWs can be determined, which in turn, prevents the degradation in reception quality of control
informationgwhile: keducing wasteful uss of, resaurce: [PR8QLIn acerrdange:with: Peterawnatiop Method
3, even inthe 5 case where the coding rate of one of the two CWs (coding rate i-cw#0 of CW#0 in
equation 5)iiswexteemelyt lowh(Eor exdmple, icw#0 isfinfinitely aldde tal0) @8signrheniof &n Bxcessive
amount of resource to control information can be prevented by multiplying the amount of the resource
calculated lsased onithe dodiritlrater 90 GoW#0 bita comeetion factdr Yoffsensetrincacaofdahee with a
difference in coding rate between the two CWs. This means that the correction factor can prevent the
assignment &R Exeebeive Adsighiieritut restiréds. [0081]If it is pre-determined that the lower
coding rate of the 15coding rates of the two CWs is use ¥o detﬁrmine the amount of the resource

Qew#0 + cWh! firstead B thE 88dihg Fate" Fvrtib oF G0 ' SHowh ifeditdton 51 6R ‘htfectidn factors

yoffs ,Oof V?JU%S eI%uaI tp 1.0 ar,lower alyq%us gas]candjdates.,For examg)le on e
cand?dates oF correction factor Oy)és%%y?n 20FIG g,‘gnly&’tﬁgico(r:r%gtﬁgﬁnfégl%rs yoff't fort ttéjgsiaénaling #A

to #D may ﬁ@gsﬁt':?hizsol:??gﬁt?z?f'éed&gmghthéwnir% CW#1 is determined. In

other words, Determination Method 2 can reduce more wasteful
use of resource than Determination Method 1 for a laver allocated
to a CW with the higher coding rate. In contrast, an amount of
15 resource less than an appropriate amount of resource is
determined for a layer allocated to a CW having the lower coding
rate. As described above, since resource amount determining
section 204 determines the amount of the resource such that a
combined CW obtained by combining all the CWs can meet
20 required reception guality, base station 100 combines CW#0 and
CW#1 and ensures that the combined control information can meet
required reception quality.
[00661] As described above, in accordance with Determination
Method 2, resource amount determining section 204 determines
25 the amount of resource required to assign control information in
each layer based on the average of the inverses of the coding

rates of the plurality of CWs. This prevents the degradation of



signaling used for notification of the correction factors yoff't. [0082]Likewise, if it is pre-determined that
the higher coding rate of the coding rates of the two CWs is used to determine the 25amount of the
resource 0 + cw#1, instead of the coding rate ricw#0 of CW#0 shown in
equation 5, only correction factors yoffse, of values equal to 1.0 or higher may be used as candidates.
For 32 example, among the candidates for correction factor ioffset in FIG 6, only the correction factors
yof "t for thé Sigridlling %D ¥6 It Ynd)f be Set T This febtis i B fetiuetion in tisel amiduit BRsighEling used
for notification of the correction factors yoffse, 5[0083]A plurality of correction factor yoff'] candidate
tables may D& pfovitedahd Siwitched depending on whether the coding rate rcew#0 of CW#0 in

equation 5 | gg wer igher.coding rate of the cading rates of two CWs. For example, if the coding
rate rcw#0 ﬁ? 6\7/11?0 in< gﬁ?a%onﬁ léli%sq%ﬁgenlc&)k\//v%crﬁég m%%ate of the 10coding rates of the two CWs, a

candidate table confaining the gorection fagtors yau.for the signalingA,to R shewryin FIG,6 may be

used.In contrast, if the coding rate rew#0 of CW#0 in equation 5 is the higher coding rate of the coding

rates of thestwor WS, accandidate dable containingiconrection fagtersyoftset d ofos the:signaling #D to
#E. shown in FIG.6 may be used. [0084] <Determinat on Method 4> Determination Method 4 is

identical to Determination Method B (equationd)dd that tHecamouet of the relseutcaioheontrot
information is calculated based on the coding rate 20(inverse) of one of the two CWs, except for the
calculation friethod of thehcorrection Yeetorn[00853derainaiten, Detdmmiratior! Methow dishdescribed in
details.
station 100. More specifically, resource amount determining
section 204 determines the amount of the resource Qcwuo + cwsy OF
10 control information in each layer in accordance with equation §

below.

[5]

I s | .
Qewsoscws m{(o-i".p)x-—— ------ — X :fgjf”xyoﬁelhﬁ] ... (Equation 5)

Few o
[6068] In equation 5, rcwso indicates the coding rate of CWH#O0
158  and 7Yerrser indicates a correction factor notified from base station
100 as a control parameter.
[0069] Resocurce amount determining section 204, as shown in
equation 5 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying the
20  inverse (l/rcwwso) of the coding rate rewwyo by an amount of offset

PUSCH " further multiplying the resulting resource amount by

Potfset
a correction factor 7Yoerset, and dividing the result by the total
number of layers L.

[0070] An exemplary correction factor vygsfser notified from base

25 station 100 is shown in FIG.6. Base station 100 selects a

correction facior wverrser bDased on a difference in coding rate



[0086]Since the two CWs to which control information is 25allocated are combined at base station 100
as described above, focusing on "reception quali% of one" of the two CWSs, reception quality of
("reception quality of a combined CW"/"reception” quality of one of the two CWs") fold is obtained after
combining the two CWs. The "reception quality of a combined CW" is obtained when the two CWs are
combined. [0087]To maintain the reception quality required for the entire 5CWs, the correction factor
for the amobiat vfthe resource’of Bontrd! information iddleitated based onithercoding rate (imverse) of
one of CWs may be set to ("reception quality of one of CWs"/"reception quality of a combined CW").
This ensures the $eB&ptidn uiztity hetes¥&ryto mAirtdintthe r@éé@%bn(qaénw P60 Fedifid By each
CW to which control.information is allocated at a minimum amount of resource required after
combinatiorﬁlBﬁ[rl‘@f\}ro CWs. [0088]In general, the following relationship holds between the reception
quality and ing fate:The higher the reception;15quality of a signal is, the highe thecc\%,ding rate
of the signaﬁlals%.? us (’&%%ans t% %)%ﬂé}nag {%C\A}Is;%%gdlﬁé) (r%{t%gof iaa%émgi%eg ot g(:[éli“'n be

substityted far (dreceptionaualiy, of gpeelEMsyrecepliop quality, of @ combined, GWy).as @correction
factor. The "coding rate of a combined CW" is obtained by 20 combining two CWSs. [0089]Resource

amount detgrning seetion 204 yses eguatior §:helew 1o set & coiteetion facipe 1/efiset whigh is
represented by ("coding rate of one of CWs (rcw#0)"/"coding rate of a combined CW (rcwocw#)").In

equation 6, thelcagingarate s¢weocofo2 hEWHOVWST theo@WHD andeCWHL is used &8 the Teoding:rate of
one of CWs".
case), base station 100 uses a correction factor vorrsee 0f a value
less than 1.0 (any of the correction factors for the signaling #A to
19 #C shown in FIG.6).
[0072] On the other hand, 1f the coding rate of a single CW
(coding rate reweo of CW#0 in this case) used to determine the

amount of the resource of control information is higher than the

coding rate of the other CW (coding rate rewgr of CW#1 in this

[y
o

case), base station 100 uses a correction factor yqerser exceeding
1.0 (one of correction factors for the signaling #E and #F shown
in FIG.6).
[0073] The smaller the difference in coding rate between the
CWs (difference in reception quality) is, the closer to 1.0 the
20 correction factor vyerser selected by base station 100 is (if there is
no difference in coding rate between the CWs (i.e., the rates are
identical), the correction factor for signaling #D shown in FIG.6
(1.0} is selected).
[0074] Base station 100 notifies terminal 200 of setting
25 information including control parameters including the selected

correction factor 7yoffse: (the signaling number of the correction

factor yoresety via the upper fayers.



[6] PUNCH -initial synth (Equation 6) PUSCH-initial mcwttosc [0090]In equation 6,indicates a PUSCH
transmission bandwidth for CW#O, mcw#lscPusnngi indicates a 5 PUSCH transmission bandwidth for
CW#1, NCW#0SynaliPU5CH-initial indicates the humber of transmission symbols in PUSCH per unit
transmission bandwidth for CW#0, and N ¢; UP SCH- W#15ymb indicates the number of transmission
symbols in PUSCH per unit transmission bandwidth for CW#1. Ccwwo indicates the number 10 of
code blocks$Gitd whickh a dbta sighaldalideated if CWHO 4 divided hCohif dnticatesghecriiniber of code
blocks into which a data signal allocated in CW#1 is divided, Ic.cw# indicates the number of bits in
each code Bitek iR CW#8 afid KredtiBicafes!the nlmber of bits ifl e4&F E5dé Botk IEW#A. For

example, if 15CW#0 is assigned tp. two Iayters End a&s}%ned to 12 transmission s mbols]art1d has 12
sub-carrier$ il €4ch&§er the BRfouht of the PUBCHLiniTANT s ourde SFEMPAO°T  duallty)

oS B P 38 BEV T U T e Mg
layers eachihaye 42 §/@0Sh ased on the coding rate (inverse} of one of the two
CWs.
(00767 As shown above, determination of the amount of the
resource based on the inverse of the lower coding rate of the
coding rates of the two CWsg (coding rate rewygo of CWH0 in this
10  case) results in setting of an excess amount of resource for the
other CW {(CW#1 in this case), for example. To cope with this
problem, resource amount determining section 204 can reduce the
excess use of resource for the other CW (CW#1 1n this case)} by
multiplying the amount of the resource determined based on the
i5 inverse of the lower coding rate by a correction factor yoprser 0f a
value less than 1.0. ILikewise, determination of the amount of
the resource based on the inverse of the higher coding rate of the
coding rates of the two CWs results in an insufficient amount of
resource for the other CW. To address this probliem, resource
20 amount determining section 204 can increase the amount of the
resource of the other CW by multiplying the amount of the
resource determined based on the inverse of the higher coding
rate by a correction factor voreser 0f a value exceeding 1.0.
[0077] As described above, equation 5 corrects the amount of the
25 resource determined based on the coding rate of one of CWs
(coding rate rewso of CW#O in this case) with a correction factor

Yoffser S€1 in accordance with a difference in coding rate between



ssion symbols); thus, the amount theresource of CW#0(MC \"OSC UP SCH- initial N NTPUS
CHe-initial)is 288 (=12 x 24).Note that -cw#osymbgl&C{ICW OSC H-in N PUSCHe-initial al,

MCWIlIscPUSCI4-ina NCW#0Symband 35 PU

H-init [0091](MCW#OSC initial NTPUSCH

'IslcW#ISymb

10

20

the two CWs, thereby allowing the calculation of the amount of
the resource based on the two CWs {i.e., required reception
guality of a combined CW obtained by combining the two CWs),
(00781 To put it differently, resource amount determining section
204 corrects the coding rate (inverse) of one of the two CWs in
accordance with the difference in coding rate between the two
CWs. More specifically, resource amount determining section
204 adjusts the corrected coding rate such that the coding rate is
approximated to the average of the coding rates of the two CWs
by adopting a larger correction factor (Yorrser) for the coding rate
(i.e., inverse) of one of the two CWs in response to a larger
difference in coding rate between the two CWs. Accordingly, the
inverse of the corrected coding rate (Yorfsed/Tewso in equation 5)
corresponds to the average of the inverses of the coding rates of
the two CWs (i.e., the value to which the corrected coding rate is
approximated}. Resource amount determining section 204
determines the amount of the resource of control information in
each layer based on the average of the inverses of the coding
rates of the two CWs (i.e., the inverse of the corrected coding
rate (Yorfset/Towxo in equation 5).

[0079] As shown above, in accordance with Determination
Method 3, resource amount determining section 204 determines
the amount of the resource required to allocate control
information in each layer based on the inverse of the coding rate
of one CW and a correction factor set in accordance with a
difference in coding rate between the two CWs. Ian this manner,

the amount of the resource in consideration of both of the two



NCW#0Symb PUSCH n aPUSCH- MCW#ISC amount of transmission resources of respective data
signals in CW#0 and CW #1, and (Elccv" + EK,"1" ) indicates the total 5 number of transmission
symbols in a PUSCH (or the total number of bits in CW#0 and CVV#1) to which respective data
signals in CW#0 and CW#1 (all code blocks) are assigned. Accordingly, (mcwltoscPUSCHe-initial.
NCW#0Sy1lnbPUSCH-initial+MCW#1SC UP SC H- initialPUSCH:-initial)/(EicrCW#0EKrcw#1 )shownin
10equation(&\Welicsras e ihverseahtheé cotling Patérofta Epmtiined @Ws(likcod!g saredaftacdombined
CW (rew#0 + cw#l)))éoogz]Resource amount determining section 204 assigns the correction
factoYoffset’sholit fiP &tftiation bl for exmpsie? éduatiB 5 Rasbufce dolit détdthfitiy section
204 determines 15the amount of the resource of control information Qcw#0 cwtnin each layer in
accordance With eqtiatisiy 7pelsw o[ <
[00807 In accordance with Determination Method 3, even in the
5 case where the coding rate of one of the two CWs {(coding rate
rewge of CWH#0 in equation 5) is extremely low (for example, rowso
is infinitely close to 0), assignment of an excessive amount of
resource to control information can be prevented by multiplying
the amount of the resource calculated based on the coding rate
10 rewso by a correction factor wvieper sSet in accordance with a
difference in coding rate between the two CWs. This means that
the correction factor can prevent the assignment of an excessive
assignment of resources.
(00811 If it is pre-determined that the lower coding rate of the
15 coding rates of the two CWs is used to determine the amount of
the resource Qcwso + cws:, Instead of the coding rate rowgo of
CW#0 shown in equation 5, only correction factors 7yogeser Of
values equal to 1.0 or lower may be used as candidaftes. For
example, among the candidates for correction factor 7voffser 1IN
20  FIG.6, only the correction factors vgerser for the signaling #A to
#D may be set. This leads to a reduction in the amount of
signaling used for notification of the correction factors Yofrser
100821 Likewise, if it is pre-determined that the higher coding
rate of the coding rates of the two CWs is used to determine the
25h amount of the resource Qecwwo + cwsi, instead of the coding rate

rewso 0f CWHO shown in equation 5, only correction factors voeeset

of values equal to 1.0 or higher may be used as candidates. For



¢ Commt KO4/110K PUSOzal CT synth (Equation 7) 20 [0093] Resource amount determining
section 204, as shown in equation 7 and as in eq%ation 1, determines the amount of the resource of
control information in each layer by mult ply g the inverse (1/rcw#0) of the coding rate rcw#o by an
amount of offset PUSCH Poffsetto obtain an amount of resource, multiplying the 36. then dividing the
result by the total number of layers L. [0094] the result obtained by multiplying the inverse (1/rcw#0) of
the "codingaaterof bne offCWig (rdlWw#0)t imequaticn 5 byra correctiondactdr yoffset'shewn inrequation
6 ("coding rate of one 5 of CWs (rcw#0)"/"coding rate of a combined CW (rewtlo + cw#1)") is
equivalent tolthe tnverse offtiecodifg rbte of W OBitained By cohtbining e\Wae dd ewitF (1/(coding
rate of a combined CW (rcw#o + cw#1))) In other words, the inverse of the coding rate of a combined
CW (1/(codifg Yateof & 'combingdl EA{fohBo CHitih5), b6 ttidt i }%hé%faéeﬂo‘? theZMiLads of the
coding rates of Hﬁ)t\}/_yo gwfigan.benobpiﬂed %@ corretctinlg {_Jge ,@nverse of the coding rate of one of the

two CWs (ﬁrscewi with a corfletét(i)on actolreyo slér',e(gqju% ion é).%écgﬁdﬁﬁ@ly, resource amount

the verset o1 coting 1A ol he o QW 1o dotarmine the KA of e eacred o contrel
information ingachdayevided and switched depending on whether the coding
rate rewge of CWH#0O in equation 5 is the lower or higher coding
rate of the coding rates of two CWs. For example, 1f the coding
rate rewso of CW#0O in equation 5 is the lower coding rate of the
10 coding rates of the two CWs, a candidate table containing the
correction factors Yofrser for the signaling #A to #D shown in
FIG.6 may be uvsed. In contrast, if the coding rate rewso of CWHE
in equation 5 is the higher coding rate of the coding rates of the
two CWs, a candidate table containing correction factors Yorrset
15  for the signaling #D to #E shown in FIG.6 may be used.
[0084] <«<Determination Method 4>
Determination Method 4 is identical to Determination
Method 3 (equation 5) in that the amount of the resource of
control information 1is calculated based on the coding rate
20 (inverse) of one of the two CWg, except for the calculation
method of the correction factor.
[0085] Hereinafter, Determination Method 4 is described in
details.
(00861 Since the two CWs to which control information is
25 allocated are combined at base station 100 as described above,
focusing on “reception quality of one” of the two CWs, reception

quality of (“reception gquality of a combined CW"/“reception



[0095]As shown above in Determination Method 4, resource amount determining section 204
determines the amount of the 20 resource requir%q to allocate control information in each layer based
on the inverse of the coding rate of one of CWs, and the correction factor calculated based on the ratio
of reception quality (i.e., the ratio of coding rates) between the two CWs. In other words, resource
amount determining section 204 uses the 25 ratio between the coding rate (reception quality) of one of
CWs and theucoding rafeq(receptioh guality) o eomBinetl C\wodbtaimed! by Idembiningbthvel tweo CWs,
that is, the ratio of coding 37 rates (i.e., ratio of reception quality) between the two CWs as a
correction fafor. s 5 resOutEe ahfduiit det@rnfininis8ctivh 20446 BBt the re¥eption quality
necessary to_maintain th rece%tion qua '%]required by Each W to which control 5information is

e

allocated at’dU &idulit’ti teSBErtY Pedulrelt 2AS shathih Hbéde, Determination Method 4 can

determine the grountof the Lesource, n considerarion of pofh the wa, GWs. {hus preveniing the
degradation of reception quaﬁlty of control information withdut wastefu Use of resource. E(S[ 896]

Furthegmore; fpgtermjnation Method. 4 allows ferminal 2Q0 to.calgylate & corectian dagtor based on the

coding rates (reception quality) of the two CWs, thus eliminating the need for base station 100 to notify

terminal 20Q of, arearregtiondactosunlike:in Retermination Metopd 3 Maregspasificallyy 19se)
Determination Method 4 can reduce the amount of signaling from base station 100 to terminal 200, as

compared with DetermifiatioivMetihad 3.1009%7¢h Determirationt Methaghud Ithe denbminatorndf the
correction factor yoffser shown in equation 6 indicates the total 20 number of bits in CW#0 and CW#1.
AccordinglyCéVer if thecsadingyage of &ithes CW#O onCW#T isCeftremelylibws(dana sizsistéxtremely
small), the correction factor yoffset is determined, taking the coding rate of the other CW into account,
thereby preVeRfiRG s&igAmaht st ah Exeesa Bmotit dF FdSddrce télthe 25E6mFbPRfofHatohY [0098]

<Determinat on Method 5> If the e control information js transmitted in a plurality 38 of layers at
the sahe tFERHA &8 the/s&e raqllency. THALIS, if 8 ARR 1 BARERSIGH i< beHORHAAS the brmount o

the resourcg gllqgated, g cpatiel nfosFaion, Tansmittein each pf & Plusalib: 8% IAXSrs isefal

two CWg.
[0088] In general, the following relationship holds between the
reception quality and the coding rate: The higher the reception
15 guality of a signal 1s, the higher the coding rate of the signal is.
Thus, (“coding rate of one of CWs”/”coding rate of a combined
CW?”) can be substituted for (“reception quality of one of
CWs”/“reception quality of a combined CW?”) as a correction
factor. The “coding rate of a combined CW” is obtained by
20 combining two CWs.
[0089] Resource amount determining section 204 uses equation 6
below to set a correction factor vYerpser Which is represented by
(“coding rate of one of CWs (rcwss)”/"coding rate of a combined
CW (rewwee + cwar)’).  In equation 6, the coding rate rewgg of
25 CWHO of the CW#0 and CW#1 is used as the “coding rate of one

of CWs™.

[6]



5[0099] In such a case, resource amount determining section 204 should preferably determine the
amount of the resource of control information in e&ch layer based on the number of bits that can be
transmitted in the same amount of resource (for éxample, a certain number of REs (for example, a
single RE)) in each layer. 10 [0100] More specifically, the coding rate rcwno of CW#0 indicates the
number of bits in CW#0 that can be transmitted using a single RE, and the coding rate rcwoi of CW#1
indicates the, number of5iia ©Wai Wharédn'ie transrhitted using a single RE. Assuming that the
number of lay&f§ incwhich QW46 iscaiddatedisingdicated,by)Lewto and the number of layers in which
CW#1 is allocated is indicated by L.OW#1, apg the nymber of bigsWRE that can.be transmitted using a
single RE in all _the)!a%ns#é(&_cw#o + Egvxﬁf}dazyzers) is obtdined.from equaﬁf@m@;r{s] [0101]To put it
more specificalfy; this equation indicates that:each layef-gan' transmit (WRE/(Lcw#o T Lewin n bits of
data signal using a single RE on average. V%,nﬂ(ély, (WRégé%yvt'o T EcwoM) may be used as the
average of coding rates (i.e., the number of Z5bits that car be transmitted using a single RE) of a CW
allocated to each layer.This achieves reception quality necessary to maintain mjaqrgg_@p(gignéc}uality
required by each CW to which the 39 control information is allocated at a minimum amount of
resource reguired pfterrgombjnation of the two -GS, traRSmitted it 'a phyality: eklayers: {0402}
Resource amount determining section 204, in accordance 5with equation 9 below, determines the
amount of thearesovireei oficdntrad inforrhation QEWHD0+ OX\+l.1dp 'eathidyer based iam the inverse of
the average of the coding rates of the CWs assigned to each layer ((rcw++(0 )< Lcw#0 + rCWUL1 x
Le1)/(Lewolléwg Oy o ransmission bandwidth for CW#I, Ncw#osymbpbsc}“"“'al

indicates the number of transmission symbols in PUSCH per unit

transmission bandwidth for CW#0, and Newgisymy oo mitial

indicates the number of transmission symbols in PUSCH per unit
transmission bandwidth for CW#1. Ccwso indicates the number
10 of code blocks into which a data signal allocated in CW#(0 is
divided, Cecwp; indicates the number of code blocks into which a
data signal allocated in CW#1 is divided, K,“V*® indicates the
number of bits in each code block in CW#0 and XK.Vl indicates
the number of bits in each code block in CW#1. For example, if
15 CW#0 is assigned to two layers and assigned to 12 transmission
symbols and has 12 sub-carriers in each layer, the amount of the

resource Of CW#O (MCW#GSCPUSCH“li}Itla1.NC“I#OsyuleUSCH-inltlﬁi) IS

PUSCH-initial

288 (RE). To be more precise, the Mcwaosc equals 12

USCH-initial

. P . .
sub-carriers, and the Ncowgosymn equals 24 transmission

20 symbols (two layers each have 12 transmission symbols); thus, the

amount of the resource of CWH#O (Mcwsosel VSR

initial_NCW#OSymbPUSCHwinitial) is 288 (=12 x 24}, Note that

PUSCH-initial PUSCH-initial

PUSCH-initial
Mewsosc , Mcwsisc

, New#oSymb and

PUSCH-initial

New#i1symb represent values at initial transmission.



[0103]Resource amount determining section 204, as shown in equation 9 and as in equation 1,
determines the amount of the resource of controlgigwformation in each layer by multiplying the inverse of
the average of the coding rates of the CWs assigned to '< 15each layer ((Lcwijo + Lcw#1)/(rcw#0 x
1-cw#orcw#1Tcw#1)) by UP SCH the amount of offset Poffsetand then dividing the result by the total
number of layers L. [0104]The average of the coding rates of the CWs assigned to each layer ((rcwfto
)< Low#HorcWtio)K] Loty widsaw#D * Ccli#1i); ds 20shown’in eqliation'9,icav be repeésentéd by
rew#a x (Lewito/(1-cw#o + L wryfl + rC1A/H | x (LC1Vg | /(1-CM LCWA4I)) This indicates that the

~initid

coding rate TcwA0\of CW#dris weighted by thehstgporiBnesié inumbersiiagers tdhihicht w40 is
assigned (Lcwto) in all the number of layers (Lcwpo + Lcw#i), and that the coding rate rcew41 250f
CW#1 is wéitHtéd by e prégsiidn brthe Fn%%b“rcoeﬁayﬁs 16 WHIGH et s ssighad fﬁcdvﬂi) in all

e mber 9S8 oy Loyky s vegds e g SFITNg =0

5 number of transmission symbols in a PUSCH (or the total number
of bits in CW#0 and CWi#1l) to which respective data signals in
CW#0 and CW#I1 (all code blocks) are assigned. Accordingly,
(MCW#OSCPUSCH-initial_NCw#osymbPUSC}Iminitiai i Mewgisel USCH-
;‘nmal'Ncw#]SymbPUSCH-man])/( SKCVH 4 5ROV shown  in

10 equation 6 indicates the inverse of the coding rate of a combined
CW (1/(coding rate of a combined CW (rcwso + cw#1))).
[0092] Resource amount determining section 204 assigns the
correction factor Yosrser Shown in equation 6 to, for example,
equation 5. Resource amount determining section 204 determines

i5 the amount of the resource of control information Qcwso + cwgiin

each layer in accordance with equation 7 below:

{71
PUSCH-initiai PUSCH-initial PUSCH-Initial PUSCH-inifial
CH#0sc ) JVCW% symb MCW#MC ’ W symb PUSCH
Qemsorcws =| (O+P) Come~t  Comt B affser L
Z Kfrw,m " z K"CW#]
r={) =0

... (Equation 7)

20 [0093] Resource amount determining section 204, as shown in
equation 7 and as in equation !, determines the amount of the
resource of control information in each layer by multiplying the
inverse {(l/rcwso) of the coding rate rewse by an anﬁount of offset

PUSCH

Boffset to obtain an amount of resource, multiplying the

25 resulting amount of resource by a correction factor vYorrset, and



number of layers to which the CW is assigned in all the layers to 5 which a plurality of CWs are
assigned. To be more precise, the greater the proportion of the number of layers to which a CW is
assigned in all the layers to which a plurality of s are assigned is, the greater the weight given to
the coding rate of the CW is. For example, in Determination Method 2 (equation 4), the average 10 of
the coding rates of the two CWs is simply calculated, and the number of layers to which each CW is
assigned isthetitaken ihto acdoante hn¢oritrast) in Determinatior Methody® (eqlLation 9), the average of
the coding rates of a CW in all the layers containing the CW can be calculated accurately. 15[0106]As
shown aboV8Pih‘dccordanceswith Detarindtibli Methbdb by fésbufee afoemtddtbrmining)sedtion 204
determines the amount of the resource of control information in each layer using the average of the
numbers of'Bifs thaf €4k Be ttHifsnfittePthe Sathe Gduistef tésodrte HoF &kdhiple, a%ingfe RE) in
each 20layer as th?.aver?getof_the codin 1[Lates of the CWS% allocated.to e ch,laﬁye{r. In _g/nis manner,
the amount’of the resource in‘considertion of the 'tvo EWhs Ia%gig ed 10’4 bﬁﬁ’a ﬁ/ 6f fayetd €an be
determined degradation of recepti aljty, of cantral jn ion can be prevented without
Waster?al us%};)}}%%rgehs% di r\(ge# .OEJfO?E]%%{:%%thPeH ?agn%l %régr?snrﬁgsls%gc? ndis@ijgoqut%rwgé} ntré IW%f@rrﬁaE[i%on, the
amount of regquikce) isrideniical for gach dayerr 4i é”@%@ﬁﬁ%’arH?@SHF%K@WO%QQ@%@@”Wrank'l
transmission may be used for data signals, in which case the amount of the resource varies depending
on layers.Ircsugh encage, the' game amodnw ef resoures isiassumead far eachdayeb and b theraverage
number of transmittable bits is calculated, as shown in Determination Method 5, which allows
calculation of an:appropriaie amolint of hesowoe din, other words sBetdrriratia Methoalts is Bpplicable
to data signals with different transmission bandwidths. Suppose, for example, that, on initial
transmissioh £0%.B1 g dub-¥ame' 05 cAWHD s tespdndetiomith MCR dnt C\Wt 4s respondet with
NACK, and on retransmission (i.e., in sub-frame 8), a new_packet is assigned for CW#0 and a
retrarishis<iBA padketlls ab¥ighed doP CWHL 'thIs Ease tHérE may teta tasewhird'the! #ighsmission
bandwidth qif{)@rss between trbetgielvlv %a%ket 15 and the jrephansmission p%(%kﬂ in sub-frame 8. in this

case, the amount of the fesbulda bt Controf iMtdImiatidh is Callliktdd By Hsdighing the'ihfdr&tion on

CW#O0 that j)sftrg_g%niétfzc_it' étlat]l% Wgamqﬁc%%gl)wg]qﬂ'ﬂfogmggggE_g?gotlpetiggqr aiOr}fon Cwi141

that was transmitted |n|t|a?Fy in su!g-frame 0'in equation 9 as 20 CW#1 information. This tetfod allows

calculationg of; the;ampunt of thereseurees assymingthat eaeh layer yses the same amoyntof
resource to transmit control information, and is effective when the same control information in a

plurality of lagersus dransmitied: atthe same imaand at the sante frequendy, Z5tkiis awheanerank-1
transmission is performed.

15 average of the inverses of the coding rates of the two CWs to
determine the amount of the resource of control information in
each layer.

[0095] As shown above, in Determination Method 4, resource
amount determining section 204 determines the amount of the

20  resource required to allocate control information in each layer
based on the inverse of the coding rate of one of CWs, and the
correction factor calculated based on the ratio of reception
quality (i.e., the ratio of coding rates) between the two CWs. In
other words, resource amount determining section 204 uses the

25 ratio between the coding rate (reception quality) of one of CWs

and the coding rate (reception quaility) of a combined CW

obtained by combining the two CWs, that is, the ratio of coding



[0108] Furthermore, Determination Method 5 allows terminal 200 to calculate the correction factor
based on the coding rates 42 (reception quality)% f the two CWs thereby eliminating the need for base
station 100 to notify terminal 200 of the correction factor, unlike Determination Method 3. Accordingly,
Determination Method 5 can reduce the amount of signaling from 5base station 100 to terminal 200,
as compared with Determination Method 3. [0109]In Determination Method 5, the denominator of the
portion corregponding to thel inversersfahe doding rates in eqaatione® ((Ilow#oBEevid D) frcasteficworcw
# t xc w#1)) 10 indicates the total number of bits transmittable using a single RE in all the layers to
which CW#P4AE WL ata dssigned TThig cansravent 888i§RMent IR AN Bkcess i&HBaAL BRresource

to control information since the coding rate of the other CW is taken into account, even if either CW#0
o CWit1 A 51 &Gl ovieh 480G 18 (BHeidhy ENA oA G381 (o1 IOPAGSIMIAG that the

same amouynt of resource is assigned to layers to each of which is assigned, the fallowing
cauations Ssoniat WA CR S TR Sl NS ST USSR ao

NPung'i"flrﬁ‘ggﬁﬁrHl?i@lqu—i’scvg#pi}%qed at a minimum amount of resource

required. As s‘hown above, Determination Method 4 can
determine the amount of the resource in consideration of both the
two CWg, thus preventing the degradation of reception quality of
control infermation without wasteful use of resource.

10 (00967 Furthermore, Determination Method 4 allows terminal 200
to calculate a correction factor based on the coding rates
(reception gquality) of the two CWs, thus eIiminaﬁng the need for
basgse station 100 to notify terminal 200 of a correction factor,
unlike in Determination Method 3. More specifically,

15 Determination Method 4 can reduce the amount of signaling from
base station 100 to terminal 200, as compared with Determination
Method 3.

[0097] In Determination Method 4, the denominator of the
correction factor 7vyserser Shown in equation 6 indicates the total

20 aumber of bits in CW#0 and CW#I1. Accordingly, even if the
coding rate of either CW#0 or CW#1 is extremely low (data size
is extremely small), the correction factor vYorfsee 18 determined,
taking the coding rate of the other CW into account, thereby
preventing assignment of an excess amount of resource to the

25 control information.

[0098] <Determination Method 5>

If the same control information is transmitted in a plurality



20mcwn scPUSCH-initial. NcwnsymbPUSCH-in tial_mscPUSCH:-initial(l) iNsymbPlisc1-1-
initial(1).Lcw#l. The M scPUSCHtial (0)PUSCH-initial(0) Symb indicates an amount of the resource of
data signals on initial transmission for each of Ia);egrs to which CW#0 is assigned, and the N4scS
PUSCHe-initial (NPUSCH-in.(1) y b indicates an amount of 25the resource of data signals on initial
transmission for each of layers to which CW#1 is assigned. Equation 9 can be simplified to equation
10 using the abevwementiortéd egum@itiors Sncen 43dicWdo+Eowt 1£tEs equation 10 st eguivalent to
equation 11.[1 0]

rank-1 transmissien 1s performed, the amount of the resource

allocated to control information transmitted in each of a plurality

of layers is equal.

5  [0099] In such a case, resource amount determining section 204
should preferably determine the amount of the resource of control
information in each layer based on the number of bits that can be
transmitted in the same amount of resource (for example, a certain
number of REs (for example, a single RE)) in c¢cach layer.

16 [0100] More specifically, the coding rate rewse of CWHO
indicates the number of bits tn CW#0 that can be transmitted
using a Singie RE, and the coding rate rews; of CW#I1 indicates
the number of bits in CW#1 that can be transmitted using a single
RE. Assuming that the number of layers in which CW#0 is

15 allocated is indicated by Lewsg and the number of layers in which
CW#1 1s allocated i1s indicated by Lcwsa:, and the number of bits
Wgrg that can be transmitted using a single RE in all the lavers
((Lewszo + Lowsgy) layers) is obtained from equation §:

[8]
20 Wee = Fowno X Lewug FFown XLowss ... (Equation 8)
[0101] To put it more specifically, this equation indicates that
each layer can transmit (Wgre/(Lewso + Leowar)) bits of data signal
using a single RE on average. Namely, (Wgre/(Lewso + Lowzi))
may be used as the average of coding rates (i.e., the number of
25  Dbits that can be transmitted using a single RE) of a CW allocated

to each lavyer. This achieves reception quality necessary to

maintain the reception gquality required by each CW to which the



(Equation 0) 5[ 1 1] 11c-04140 pPUSCII Poffset 2=i] MPUSCH-thitiaM
NPUSCI14nitioOPUSCH-thitiabl) PUSCH-initia(1) ,nb (Equaton 1)
[0111] Assuming that the same amount of resource is assigned to each of layers to which a CW is
assigned (Wiayer=Msc 12.[12] TV layerlayer

control information is allocated at a minimum amount of resource
requirted after combination of the two CWs fransmitted in a
plarality of lavyers.

[6102] Resource amount determining section 204, in accordance

[$a}

with equation 9 below, determines the amount of the resource of
control information Qewso + cws: in each layer based on the
inverse of the average of the coding rates of the CWs assigned to

each layer ({rewso ¥ Lowso + rowsr X Lows )/ {Lewso ¥ Lowsr)).

(9]
. Lo+ L . .
10 ch#mcwﬁlﬂi'(0+.i’)' - [CW”G i — B Jl ... (Equation 9)
Tewso X Lowso T omn *Lopa

[0103] Resource amount determining section 204, as shown in
equation 9 and as in equation 1, determines the amount of the
resource of control information in each layer by multiplying the
inverse of the average of the coding rates of the CWs assigned to
15 each layer ({Lewso + Leows#i )/ (fecwseo ¥ Leowse + rowser ¥ Lewszi)) by

the amount of offset PBorrser o0

and then dividing the result by
the total number of lavers L.
[0104] The average of the coding rates of the CWs assigned to
each layer ((rcweo * Leowso = Towsr ¥ Leowsr) / (Lewso + Lewsi)), as

20 shown in equation 9, can be repr.esented by rewso X {Leowso/{Lcewso
+ Leower)) + rewsr ¥ (Lewsi/(Lewso + Lewsi)).  This indicates that
the coding rate rewygo of CW#0 is weighted by the proportion of
the number of layers to which CW#0 is assigned (Lcweo) in all the
number of layers (Lcowso + Lcowsi), and that the coding rate rews:

25 of CW#1 is weighted by the proportion of the number of layers to

which CW#1 is assigned (Lewg:) in all the number of layers



(Equation 2) [0112] ((-cwgo Lcw,41) X Wlayer n equation 12 is equivalent to equation 13 below: 5[13]
PUSCH M SOsc PUS CH -MOM!PUSCHPUSCH,-initial CW#OSVOIbCI scsymb (Equation 13)
1-cwrio+Lcwni-L, equation 10 can be simplified to equation 14 10below: [14] Qcwo+cw#1.=
AA-NISCHe-initial . ATPUSCHintlial ' symb RoffsetPUSCH (0+ p \ I"" SC | Cc0,0-1CbefirlP KONttOKIWI
r4 .. (Equation 14)
Lewso + Lowsr).

[01C5] In other words, resource amount determining section 204

weights the coding rate of each CW by the proportion of the

number of layers to which the CW 1s assigned in all the layers to

5 which a plurality of CWs are assigned. To be more precise, the
greater the proportion of the number of layers to which a CW is
assigned in all the layers to which a plurality of CWs are assigned
is, the greater the weight given to the coding rate of the CW is.
For example, in Determination Method 2 (equation 4), the average

10 of the coding rates of the two CWs is simply calculated, and the
number of layers to which each CW is assigned is not taken into
account. In contrast, in Determination Method 5 (equation 9),
the average of the coding rates of a CW in all the lavers
containing the CW can be calculated accurately.

15 [0106] As shown above, in accordance with Determination
Method 5, resource amount determining section 204 determines
the amount of the resource of control information in each layer
using the average of the numbers of bits that can be transmitted in
the same amount of resource (for example, a single RE) in each

20 layer as the average of the coding rates of the CWs allocated to
each layer. In this manner, the amount of the resource in
consideration of the two CWs assigned to a plurality of layers can
be determined. Thus, the degradation of reception quality of
control information can be prevented without wasteful use of

25 resource.

[0107] Since the rank-1 transmission 1is wused for control

information, the amount of resource is identical for each layer.



[0114] Determination Methods 1 to 5 for determining the amount 150f the resource of control
information have been described. 45 [OllS]ACKAll\IACK and CQI receiving section 111 of base station
100 determines the amount of the resource of control information (ACK/NACK signals or CQIs) in a
reception signal using a method similar to Determination Methods 1 to 5 used in resource 5 amount
determining section 204. Based on the determined amount of the resource, ACK/NACK and CQI
receiving séotiore 21t extracts an AGKINACK op CQItwdownlinkidata (FDSCHtsignalsy séntiby each
terminal from a channel (for example, PUSCH) to which uplink data signals have been assigned.
10[0116]As' shBF#H AbHVRD thig Bdbeinteit CahPrederiting deytadation inreEepticigtality of control
information even in the case of adopting the SU-MIMO transmission method. [01357]Emb(?dirpent 21n
Embodiment Lo tHe arfounp 81 (e TEbFce o eStrdI 5 orHaian ie A&terininedbabhdlon the lower

coding rate of the% din Jates of thg WO §W§ q( Qd_e WOfQSQbOK the average of the,inverses of the
coding rates of the ?%NGO %Wls Meanw ﬁe,o in 1rErﬁl:%)golchﬁﬁenlt“z, Sesides thegpgo%gégglnlgai‘ﬁcémab%%iment 1,

the amopunt,gfithe,resqurce,of santrol jnfarmation;is: determined in20gopsitieration.of a difference in

interference between layers for data signals and for control information. 101181Since the basic
configuratigrs obthe:hasenstation ande : theiterminal iniaccorgdance with Hmbpgdimant 2 arethe same

as those in Embodiment 1, FIGs.4 and 5 are used to describe 25Embodiment 2.
appropriate amount of resource. In other words, Determination
Method 5 is applicable to data signals with different transmission
bandwidths. Suppose, for example, that, on initial ltransmission

10 {(i.e., in sub-frame 0), CW#0 is responded with ACK and CW#1 is
responded with NACK, and on retransmission {i.e., in sub-frame
8§), a new packet is assigned for CW#O0 and a retransmission
packet is assigned for CW#I1. In this case, there may be a case
where the transmission bandwidth differs between the new packet
15 and the retransmission packet in sub-frame 8. In this case, the
amount of the resource of control information is calculated by
assigning the information on CW#0 that is transmitted initially in
sub-frame 8 as CW#0 information, and the information on CW#]1
that was transmitted initially in sub-frame 0 in equation 9 as
20 CW#1 information. This method allows calculations of the
amount of the resource, assuming that each layer uses the same
amount of resource to transmit controel information, and is
effective when the same control information in a plurality of
layers is transmitted at the same time and at the same frequency,
25 that 1s, when rank-1 transmission is performed.

[0108] Furthermore, Determination Method 5 allows terminal 200

to calculate the correction factor based on the coding rates



[0119]Besides the processing similar to that of Embodiment 1, setting section 101 (FIG.4) in base
station 100 in accordance with 4,(1 Embodiment 2 sets a correction factor (ccoffse] (L)).
[0120]Besides the processing similar to that of Embodiment 1, ACK/NACK and CQI receiving section
111 determines the amount of the resource using the correction factor (a,ilf(L)) received 5from setting
section 101 [0121]Meanwhile, resource amount determining section 204 in terminal 200 according to
Embodimeht 24FpGS)uses @ tbrrectibrt Ractor fadit i)\ Retifidthfréid Base station 100%edetermine
the amount of the resource. 10[0122] (Operations of Base Station Q0 and. Terminal 200) The
operations B¢ halé statioh?168hnd Yetmifal 206! hsvihg e ABove-tienfidndd BorfiyliratibHs will be
described t%elg\t/\gl[012§]nfﬂce€termi£1at eMethod 6> If the pm 1erdof Ia}yers orl&hce,ngﬂmplerf)f ranks for

control 15 formation equals thé hum etreorfﬁlleffe?élgrntheinucm er of ranks for data S|gr%a3’s,ythe same

inter-layer iferfergnge, orGurageeen data,sianals and apatiglnfprnayien, qriamole. f spatia

multiplexing is performed with CW#0 to which control information is allocated and which Is assigned to
layer #0 angd 2ZQCW#1icantaining data signals assigned te iayer b @ tankr 2iiransmissiqn;isperformed

for data signals and for control information, causing inter-layer Interference of the same level.
[0124]Alternativelydifihe number of ranks differs between
controlinformationanddatasignals,differentinter-layer 25interference occurs between data signals and
control infofthadieh. In Determination Method 5, the denominaftor of the
portion corresponding to the inverse of the coding rates in
equation 9 ((Lcwso + Lewsr) / (rewso * Lewso + rewss © Lewsi))
10 indicates the total number of bits transmittable using a single RE
in all the layers to which CW#0 and CW#1 are assigned. This
can prevent assignment of an excess amount of resource to control
information since the coding rate of the other CW 1is taken into
account, even if cither CW#O or CW#1 has an extremely lower
15 coding rate {(extremely small data size).

[0110] Assuming that the same amount of resource is assigned to

lavers to each of which a CW is assigned, the following equations

are obtained: MCW#GSC:?USCH-inma1,NCW#OSymbPUSCH-
initial g  PUSCH-initial (O)‘NsymbPUSCH-initiai ] awen. and
20 MCW#IScPUSCH—initia]_Ncw#lSymbPUSCHvinitiaI:MSCPUSCHniniliaI(I) _NsymbPUSCH-
itial()p The MSCPUSCH—initiaI ({J)_NsymbPUSCILinitial (0)

indicates an amount of the resource of data signals on initial
transmission for each of layers to which CW#0 is assigned, and
the MgePPSCH-mitial (g PUSCH-initial (1) jpdicates an amount of
25 the resource of data signals on initial transmission for each of

layers to which CW#1 is assigned. Equation 9 can be simplified

to eqguation 10 wusing the abovementioned equations. Since



If the same control information is allocated in CW#0 and CW#1 and transmitted in layer #0 and layer
#1, that is, if a rank-1 47 transmission is performed, less inter-layer derference occurs, as compared
with when different signals are allocated in cw#0*and CW#1 and transmitted in layer #0 and layer #1.
[0125]In this respect, resource amount determining section 204 5 increases or decreases the amount
of the resource calculated with an above equation (for example, equation 1), depending on the number
of ranks or thewnumberwf laylersdqudata sigh@dls sard; forvedntnal infoematiano [0126]More specifically,
resource amount determining section 10 204, as shown in equation 15 below, calculates the amount
of the resourt® IQcwi#o cwi#l by determining the amount of the resource of control info ation in each
layer based on the coding rate of one of CWs (CW#0 or CW#1) or the coding rates of both CWs using
the above equation 1, mult|plying the determined amount of 15the resource by a correction factor aoft"t
(L) which depends on the number of ranks-or the number of layers, and then dividing the result of
multiplication by the'totaraUimber of Tayers.L. [I5] 1 (0 + P) XUSGH X flefset'lg‘E;)(é?Lfset(L) ocW 40

20[0127]in equation 15, ao(L) represents a correction, factor that depends on the number of layers or
the number of ranks for data sigriats-and f&reentrol infoffration. [(228]For example, if the number of
ranks or the number of layers for data signals is larger than that|of control information, 25the

correction factor aoff";set (L), as shown in FIG.7, implicitly decrease as a difference in the number of

Y — ]
CHH) CONEL PUSCH
ranks or the number o+ o B L
CIED CHEL

2K DA

r=g ral}

- . - R e

PUSCH-initiaf0}  p pPUSCHRinitial 0} PUSCI-imitta(]) 3 rPUSCE-initiat 1y
s G RO S

... (Equation 10)

5 711]

1 PUSCH
QCW#G+CW#1 = (O+P)- : ﬁgﬂm

oo _— Coppy = il
K° Ske
i) + =0
PUSCH-nitial0) | 7PUSCH-initia(0) PUSCHAninald}y 5 FPUSCHnitadl)
Mr Af:ymb Mc Mymb

... (Equation 11)

[0111]7 Assuming that the same amount of resource is assigned to

each of layers to which a CW is assigned (Wiyyer=Msc' "°¢%

10 1l“i“ai-NsymbPUSCH'imm), equation 9 can be simplified to equation
12.

[12]



48 layers between data signals and control information increases. As the difference in the number of
ranks or the number of layers between data signf%!s and control information decreases, the correction
factor is approximated to 1.0 5[0129] Alternatively; if the number of ranks or the number of layers for
data signals is smaller than that for control information the correction factor aoffset (L), as shown in
F10.8, implicitly increases as a difference in the number of ranks or the number of layers between data
signals and control information 10increases. [0130]Theter-layer interference is dependent on channel
variations (or channel matrix): thus, inter-layer interference varies even if the number of ranks or the
number of layers is identical, which in cans an approprizjlte cogection is difficult using 15 one set
value. To cope, with +h '(S)|@[R)blem%&ggﬂwef@eﬁeetmﬁqaﬁe%ﬂﬁ%mwbeweenbase sHAtion.
100 and terminal 200]are provided in rtayer to allow base station 100g¢"¢elect one from the
correction factors and notify terminal 2% via__lmg_gtlaygﬁsyoor PDCCH. Terminal 200 recgjves the

(o

20correction factor a Mo, “THISEF am DasE Station 100.and USes itte.Laictlate the amount of
the resource; as in Determination Method 6. Base station 100-may report the amount of offset poffset
P1J SC ti for each layer (or each rank). [0131]the amount of the resource can be set in consideration of
25a difference in inter-layer interference between data signals and control information.Thus, the

degradation o{)dgg?ption qualityf.gertrl informatigg.?@mg@? revented, while wasteful use Efuség, I
resource can be redut K([Q#;32]Since ?rﬁééﬂgyer interfefénce’is depe déﬁf‘%&,&ha‘fﬁwﬁ affet

=0 3 = r=0 oD

7, W,

layer tayer

x 1

(012

W XLy + I x
x layer TWH layer

LC WHG

~| (O+P)- C(fiw;m +L¢-W?]):j%yer . ﬂggiw T

1
CHHO CHH
K74 » KD
r=0 af}

... {Equation 12)
[0112] {((Lewso + Lewsr) ¥ Wiayer) in equation 12 is equivalent to

equation 13 below:

5 [13]
PUSCH ~initial PUSCH ~initial PUSCH ~initial PUSCH ~initial
M CH #05c N CW 40svmb M CW #ise TV CW sy
(Equation 13)
- PUSCH-initial PUSCH-initial
[0113] Since W]ayerf—“MSC °Ngymb and

LewsotLews1=L, eguation 10 can be simplified to equation 14
10 Dbelow:

(4]

PUSCH-initial | NPUSCH»EniziﬂI

- SC symb PUSCH .
Qepioscwin = | (O+P)- - po— “Bper ... (Equation 14)
CW#EG ' CWHL
Sk S
! r=l} r=0

01147 Determination Methods 1 to 5 for determining the amount

15 of the resource of control information have been described.



variations (or channel matrix), upper layers cannot change channels frequently.To cope with
frequently-occurring channel 5Svariations, the pre ence or absence of a correction factor may be
reported using one bit in a physical downlink control channel (PDCCH) message having a shorter
notification interval than upper layers.The PDCCH message is conveyed in each sub- frame, thereby
facilitating flexible switching.Furthermore, use 10 of one bit the PDCCH to direct switching between
use or nonu$e bfthe dofréctisr fadior ledds tdlamedattiondn the damouht of sigriading. {0183]The
above-mentioned correction factor has a variable set value, depending on the control information
(ACK/NACK $fyribts 4 5mdiic EOTCandSrthé (ke bt Beesrtoh AStfiCAGI (nbtifitatibhtigihg a

common S? \ $e)#1§§%%e used fp!i the qonggca?formation (ACK/NACK signals and CQls and/or the
like). For e o/ vallé 144 cofVeyed4dHd tethinkl, fifs fRMiRal stlédid a cditdctiort factor for
ACKINACK signals that, 20comesponds.io.fhe spalug 4 and & Gorgetion facfor for CO fhat
corresponds to the set valué 1. This allows notification using a single set value for a plurality of parts of

controkinformation, thereby,redysing the.amaunt of signaling far netificatiop,of a gorrgatien factor.

25[0134]this embodiment, the correction factor is increased or decreased, depending on the number of

ranks or the, pLimber of fayers foedata-signals and/forncomtroh information; huk isinge thee S0/rumber of
layers and the number of ranks are closely related with CWs, the correction factor may be increased or
decreased, deperdingaorn thes naumb@KofNCAS KContaining tata signalsndind lcodtrohinfarM&OH.
Furthermore, the correction factor may be 5 changed, depending on whether the number of ranks, the
number of layers:de thessurhbénof ©WS fordatal sSighalsr amd for cohiolnsfortirion s eguial to or

exceeds 1. _ .
PUSCH) to which uplink data signals have been assigned.

10 (01167 As shown above, this embodiment can prevent the
degradation in reception quality of control information even in
the case of adopting the SU-MIMO transmission method.

[0117] Embodiment 2
Jn Embodiment 1, the amount of the resource of control

15 information is determined based on the lower coding rate of the
coding rates of the two CWs (code words) or the average of the
inverses of the coding rates of the two CWs. Meanwhile, in
Embodiment 2, besides the processing in Embodiment 1, the
amount of the resource of control information is determined in

20 consideration of a difference in interference between layers for
data signals and for control information.

[0118] Since the basic configurations of the base station and
the terminal in accordance with Embodiment 2 are the same as
those in Embodiment 1, FIGs.4 and 5 are wused to describe

25 Embodiment 2.

{0119] Besides the processing similar to that of Embodiment 1,

setting section 101 {(FIG.4) in base station 100 in accordance with



[0135](Embodiment 3) Embodiment 1 assumes that the number of layers is 10 identical
between initial transmissio and retransmission. I} contrast, in Embod ent 3, the amount of the resource
of control information is determined in consideration of a difference in the number of layers between
initial transmission and retransmission in the processing shown in Embodiment 1. 15[0136]Since the
basic configurations of the base station and the terminal according to Embodiment 3 is the same as
those of Enkbbdifrent e IEIGs bind 5-ard uséton désdrie Bmbedirhént 3. [0137] ACK/NACK and CQI
receiving section 111 in base station 100 according to Embodiment 3 (F1G.4) performs processing 20

similar to tH&t'ot Emb&dirieht s Sha ATANERE the addnt bf the HRaburte Fedhiedits Slibcdte control

informationgga ig\gﬁ$% numipeééi%la Ger%lo‘p.initiajgrc n%@is lop an Bonﬂ{elgrggs%igsiorg. A(I:lt[</NACK
and CQI receivihg section f1tin bodiment 3&iffers from that in Embodimient T fn that the equation

to 25 caloyigte e amopnt of teissourge of santrlinfprvation s cxpandeq. ID138] Msamhile,

resource amount determining section"204 in 51 terminal 200 according to iment 3 (FIG .5)
performs @eessing similar e thad of Embodiment 1 and calculates the amount of the resource
required to allocate control information based on the number of layers on initial transmission and 5
retransmission 2 Resowee armeunt deterpining:seatian: 204 i Embodiment 3ediffess from4thatk in
Embodiment 1 in that the equation to calculate the amount of the resource of control information is
expanded. {6189](QperdtibnscafoBdse Statioh Gk andEermihdlF200) 10 The sperations dfibase station
100 and terminal 200 having the above-mentioned configurations will be described. [0140]
<Determindtior Method 7=t (L) Detefifinatiofr Methbasel t6 6 aesumethir tHe rurmbercoft he
layersisidenticalbetweeninitialtransmissionand 15 retransmission. On initial transmission, the reception

quality that3&e4taF 8 brifedies MHT &-certain level (required reception quality) can be achieved for
controlnforatign by S6ting he MYl eYPERYISe T GNP FIOUTREAS, fy pramele. eauation
The operations of base station 100 and terminal 200 having |
the above-mentioned configurations will be described below:
[0123] <Determination Method 6>
If the number of layers or the number of ranks for contrel
15 information equals the number of layers or the number of ranks
for data signals, the same inter~-laver interference occurs between
data signals and control information. For example, if spatial
multiplexing is performed with CW#0 to which control
information is allocated and which is assigned to layer #0 and
20 CW#1 containing data signals assigned to layer #![, a rank-2
transmission 1is performed for data signals and for control
information, causing inter-layer interference of the same level.
[0124] Alternatively, if the number of ranks differs between
control information and data signals, different inter-layer
25 interference occurs between data signals and control information.

If the same control information is allocated in CW#0 and CW#1

and transmitted in laver #0 and layer #1!, that is, if a rank-I



20[0141]Since Determination Methods 1 to 6 (for example, equation 9) assume that the amount of the
resource of control informationisidenticalforeachIgyerbetweeninitial transmission and retransssion, the
total amount of the resource of control information in all the layers also decreases due to a
25reduction in the number of layers when the number of layers is changed on retransmission(for
example, decreases).This results in the degradation of reception quality of control 52 information on
retransmissidALaEdSMatedswWitli that BrEihitiAbfanshiizsidA (for exdmpler 886 FIGY)UFbr éxample,
as shown in FIG. 9, if allocation notification information (UL grant) is used to change the number of

layers from $60F {6 fiittial trdhsiissiory to” & fild (ShBitanshii&sivr)’ te afndint ot rédoiré of data

signals decr and thus the total amount of the resource of control information (for example,
ACK/NACKé?gngjs)aéﬁéo%gélrse%%%ﬁn élptt%él)(aefe?é&[&f&]?élggﬁrgle%mount determining section 204

re-sets the (1 amouni,of fheresource. of Gontrql informatien,an FRIfapSMISSion based gn Hienumber

of layers in which each CW is allocated on retransmission. More specifically, on retransmission,

resourge ameLRt determining.section: 204,dogs ot Heeqthe amauntaf the respuge ped layerwhich
was calculated on initial transmission, 15 and instead, assigns the number of layers in which each CW

is allocated:on retrarsmisgionien, quftentenumbel):in equation 8 td Fe-cadgidate ithe amouttt of the
resource per layer on retransmission (icurrent amount).For the information other than the number of
layers (i.e.,53@-imitiarCW 1S@ knitial;P USCHuinithatP USC Hrlial 20 Wi 0ByimbNEWAt:Syrob EKjcw#o and
control information.
[0126] More specifically, resource amount determining section
10 204, as shown in equation 15 below, calculates the amount of the
reso-urce Qecwso + cws; by determining the amount of the resource
of control information in each layer based on the coding rate of
one of CWs (CW#0 or CW#1) or the coding rates of both CWs
using the above equation I, multiplying the determined amount of
15 the resource by a correction factor Ggreser (L) which depends on
the number of ranks or the number of layers, and then dividing the

result of multiplication by the total number of layers L.

[15]

_ - PUSCH
ch#omwm - (O+P)X X Pofer /anoﬁfef(L) ..(Equation 15)

Few o

20 [0127] In equation 15, Gareser (L) represents a correction factor
that depends on the number of layers or the number of ranks for
data signals and for control information.

[0128] For example, if the number of ranks or the number of
layers for data signals is larger than that of control information,

25 the correction factor doseser (L), as shown in FIG.7, implicitly

decrease as a difference in the number of ranks or the number of



Y4Krcw4), the numerical values used on nitial transmission that have been set to meet a certain error
rate requirement (for example, 10%) are used. Mgre specifically, taking Lcw#0)-Lcw#1=L into account,
equation 9 on retransmission (i.e., 25currently) can be transformed into equation 16. [16] 53 -
FURTH offset Qom (0+P) 1 ... (Equation 16) rfto x I+ rx o -cm cm

layers between data signals and control information increases.
As the difference in the number of ranks or the number of layers
between data signals and control information decreases, the
correction factor is approximated to 1.0.

5 [0129%7 Alternatively, if the number of ranks or the number of
layers for data signals is smaller than that for control
information, the correction factor Ogerser (L), as shown in FIG.S§,
implicitly increases as a difference in the number of ranks or the
number of layers between data signals and control iaformation

10  increases.

[0130] The inter-layer interference is dependent on channel
variations (or channel matrix): thus, inter-layer interference
varies even if the number of ranks or the number of layers is
identical, which means an appropriate correction is difficult using
i5  one set value. To cope with this problem, a plarality of
correcticn factors 9ufrser Shared between base station 100 and
terminal 200 are provided in each layer to allow base station 100
to select one from the correction factors and notify terminal 200
via upper layers or PDCCH. Terminal 200 receives the
20  correction factor Ogfreer from base station 100 and uses it to
calculate the amount of the resource, as in Determination Method
6. Base station 100 may report the amount of offset BﬂffgetPUSCH
for each layer (or each rank).
[0131} the amount of the resource can be set in consideration of
25 a difference 1in inter-layer interference between data signals and
control information. Thus, the degradation of reception quality

of contrel information can be prevented, while wasteful use of



[0143] currentcurrent LCW/#0and Lcw#.1 ndi cate the number of layers to which CW#0 and CWhil are
assigned on retransmission (i e., currently), respegtively, and Lcw#0inand Ecw#iiat indicate Sthe
number of layers to which CW#0 and CWfrtl are assigned on initial transmission, respectively. Since
Determination Methods 1 to 6 assume that the number of layers is identical between initial
transmission and retransmission, the number of layers is not considered on ial transmission and
retransmissibAC WO ehtd, te Huhbset bf layers used in Determination Methods 1 to 6 represents the
information _on initial transmissijon, just like the numper of bits jn each CW and/or the amount of the

resource in'€dctrEw. JoTEAEYUstioH 18 58 deRvEH by Gl BERAtEH In the dembifitator of
equation 9 by the,tatio of the number of layers, pn [gtransmissiontothiatoninitialransmissionfie.,

channels frequently. To cope with frequently-occurring channel

5 variations, the presence or absence of a correction factor may be
reported using one bit in a physical downlink control channel
(PDCCH) message having a shorter notification interval than
upper layvers. The PDCCH message is conveyed in each sub-
frame, thereby facilitating flexible switching. Furthermore, use

10 of one bit in the PDCCH to direct switching between use or non-
use of the correction factor leads to a reduction in the amount of
signaling.
[0133] The above-mentioned correction factor has a variable set
value, depending on the control information (ACK/NACK signals

15 and CQIs and/or the like), but a common notification (notification
using a common set value) may be used fer the control
information (ACK/NACK signals and CQIls and/or the like). For
example, if a set value 1 is conveyed to a terminal, the terminal
selects a correction factor for ACK/NACK signals that

20  corresponds to the set value I and a correction factor for CQIs
that corresponds to the set vaiue 1. This allows notification
using a single set value for a plurality of parts of control
information, thereby reducing the amount of signaling for
notification of a correction factor.

26 [0134] this embodiment, the correction factor 1s increased or

decreased, depending on the number of ranks or the number of

layers for data signals and for control information, but since the



Lcw4ocurrent /Lcw#0inidal,  curreminitial w i/Lcw# Equation 17 is derived from equations 16 and 11.
[17] (0-1-1"). uscHoffs remxLaxr.Xx E."wo,Let I,

number of layers and the number of ranks are closely related with
CWs, the correction factor may be increased or decreased,
depending on the number of CWs containing data signals and
control information. Furthermore, the correction factor may be
5 changed, depending on whether the number of ranks, the number
of lavers or the number of CWs for data signals and for control
information is equal to or exceeds I.
[0135] {(Embodiment 3)
Embodiment 1 assumes that the number of lavers is

10 identical between 1initial transmission and retransmission. In
contrast, in Embodiment 3, the amount of the regsource of control
information is determined in consideration of a difference in the
number of layers between initial transmission and retransmission
in the processing shown in Embodiment 1.

15 [0136] Since the basic configurations of the base station and the
terminal according to Embodiment 3 is the same as those of
Embodiment 1, FIGs.4 and 5 are used to describe Embodiment 3,
[0137] ACK/NACK and CQI receiving section 111 in base station
100 according to Embodiment 3 (FIG.4) performs processing

20  similar to that of Embodiment 1 and calculates the amount of the
resource required to allocate control information based on the
number of layers on initial transmission and on retransmission.
ACK/NACK and CQI receiving section 111 in Embodiment 3
differs from that in Embodiment 1 in that the equation to

25 calculate the amount of the resource of control information is
expanded.

[0138] Meanwhile, resource amount determining section 204 in



(0+P) .. (Equation 17) 54 [0145]Equation 19 indicates that if the number of layers for transmitting
data signals decreases, the amount of the resource of control information per layer increases.This
means that the total amount of resource of layers contain

terminal 200 according to Embodiment 3 (FIG.5) performs
processing similar to that of Embodiment ! and calculates the
amount of the resource required to allocate control information
based on the number of layers on initial fransmission and

5 retransmission. Resource amount determining section 204 1in
Embodiment 3 differs from that in Embodiment 1 in that the
equation to calculate the amount of the resource of control
information 1s expanded.

[0139] (Operations of Base Station 100 and Terminal 200)

19 The operations of base station 100 and terminal 200 having

the above-mentioned configurations will be described.
[0140] <Determination Method 7>

Determination Methods 1 to 6 assume that the number of
lavyers 18 identical hetween initial transmission and

15 retransmission, On initial transmission, the reception quality
that is equal to or greater than a certain level (required reception
quality) can be achieved for control information by ‘Setting the
amount of the resource of control information using, for example,
equation 9 (Determination Method 5).

20 {01417 Since Determination Methods 1 to 6 {(for example,
equation 9} assume that the amount of the resource of control
information 1is identical for each layer Dbetween 1nitial
transmission and retransmission, the total amount of the resource
of control information in all the layers also decreases due to a

25 reduction in the number of layers when the number of layers is
changed on refransmission (for example, decreases). This

results in the degradation of reception quality of <control



control information 5is almost identical (i.e., the number of layers containing control information x the
amount of the resource of control information perslzayer) is almost identical) between initial transmission
and retransmission, thereby achieving the reception quality that is equal to or exceeds a certain level
(required reception quality) for 10control information even on retransmission (see FIG.10.). [0146] This
allows the amount of the resource of control information to be set in consideration of the number of
layers on réftaasmissichi(cOfreAtlyy eVamiFthEcdumper 6Py Hranghitiingldetasignals tditfers
between initial transmission and 15 retransmission. Thus, the degradation of reception quality of

control infobfistion EARHBE prédenidd Withut WastElPudd of ré<OurtE 2B 24 71if e YAfiS SF tHe number
of layers on smijssion to that on injtial transmissi i.e., the number of layers on 20
r]:le(tragl 1{5% ch 1’10’[].1?. 1 1.n%$ d’.tjlj.')&lfo fg}? :gih%n %ér)lfSorUbae

retransmission/the’ number o aIaly%rrls on initial transmission) is Afinteg otﬁ 5]‘0 CW#0

and CW#l,o%%‘?‘g%”t%se belowimay e 1_5}%%%}@“%%@ eapatpp {8k, « £iNLLPOFGH offset x

eitha mPUSCH-IniiiajO) mPlIISCH-Iteitia
5 two (on retransmission), the amount of resource of data signals

decreases and thus the total amount of the resource of control
information (for example, ACK/NACK signals) also decreases in
all the layers.
[0142] resource amount determining section 204 re-sets the
10 amount of the resource of control information on retransmission
based on the number of layers in which each CW is allocated on
retransmission. More specifically, on retransmission, resource
amount determining section 204 does not use the amount of the
resource per laver which was calculated on initial transmission,
15 and instead, assigns the number of layers in which each CW 1s
allocated on retransmission {i.e., current number) in equation 9 to
re-calculate the amount of the resource per layer on

retransmission (i.e., current amount). For the information other

USCH-initial PUSCH-

than the number of layers (1.e., Mcw#oscp , Mewewisc

20 initial PUSCH-initial PUSCH-initial EKrCW#O

> NCW#OSymb > NCW#iSymb ; and
SK.“%*), the numerical values used on initial transmission that
have been set to meet a certain error rate requirement (for
example, 10%) are used. More  specifically, taking
LewsotLews1=L into account, equation 9 on retransmission (i.e.,

25 currently) can be transformed into eguation 16.

[16]



synthPUSCH-initia0) NPUSbCff-ini IMO)Sc sc 55 .. (Equation 18) [0148]L1tl and 1_,™t indicate the
total number of layers on initial transmission and_qQn retransmission, respectively.Unless the
above-mentioned condition (i.e., the number of Iag?ers on 5 retransmission/the number of layers on
initial transm ssion)=1/A) is met, the amount of the resource of control information may be excessive or
insufficient, which results in wasteful use of the resource or low quality. If the probability of not meeting
the above condition is low, or if the system is designed so as toPgsng)]E 10 such occurrence, resource

amount determiningd&eetion: Z04hay pse ;mq*r@mmcﬁa@ the amérit'bt thetrekburce of
control information. [0149]The!case in WHich#tte tot&f'ameunt of resource (for example, the number of
layers) on retransmission is rgduced from_ 15 that,on jnitial transmission has peen described above.
The total amblint bf resiite (for exaRibld: tHe humber 6fll‘§§/8?§)eoﬁ?i’8trgﬁ |§§io?1f$n rififease from
that on initial transmissi ) that cas source amount determining section 204. may use equation
16, 17 0r 1630 PILVent 1he AmSiGHRonE o 4 e4Les SO Sfresbrroa 1 aabol mfareidtion.

[0150] The @ypglg%rt% 5a:yelr§ JPRY be, qu,lgcgq with W #rgtumber of aptgn NG Ponts: For.example, the

number of layers on initial transmission n the above description (i.e., four layers in FIG. 10) is replaced

with the numher;of anienna ports,deyr perts i o2b EIG.A0).the number of fayerson setrnsmission
(currently) (two layers in FIG. 10) is replaced with the number of antenna ports on retransmission
(currently) (bwia pdrtsa fr$6 15Q),cand the tatal 156 humbet iof daydbs: is: replacad withvihe tatdlsnumber of
antenna ports. In other words, resource amount determining section 204 replaces the number of layers
in equation 16147 @r 28 with thet habiérof mntehra ports @ galculate thécemount of tHevressburce of
control information. [01511 Note that if the number of layers is defined as the number of antenna ports
through whidH Hiffbré ke Sigielifg S8qadritescaré fraRsmitied! thENfurkber BE fayefs 1§ K6t alvidys

identical to the ‘ L . .
not CODSldCE‘Gd on 1111t131 transmission and refransmission.

10 Hence, the number of layers used in Determination Methods 1 to 6
represents the information on initial transmission, just like the
number of bits in ecach CW and/or the amount of the resource in
ecach CW.

[0144] Eguation 16 is derived by multiplying each term in the

15 denominator of equation 9 by the ratio of the number of layers on
retransmission to that on initial transmission (i.e.,
Lewse® T Lewso ™ Lows i Lows ™), Equation 17 is

derived from equations 16 and 11,
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number of antenna ports.For example, when a rank-1 10transmission is performed through four
antenna ports, the number of layers is one since the same signaling sequence is transmitted though
the four antenna ports. In this case, if a 4-layer transmission is performed using four antenna ports on
initial transmission, while a 1-layer transmission (rank-1 transmission) 15 is performed using four
antenna ports on retransmission, the amount of the resource of control information need not be
corrected. [ ¢drtiastfifia 4tbayer traénsmission ¢s pefetmed using fourantennéd ports:on iditial
transmission, while a 1-layer transmission (using one layer) is performed using one antenna 20 port
on retransrhigsiom thél amotint bf theresouices oE edatrol ihforAtatidhiieds febescoriected  [0152]If
the number of antenna ports used for retransmission decreases, transmission power per antenna port
is increased ¢6 EbMperisst&Tot e deRfdast! Hidreby Aotdifig the ddtréctiBii bF 25 the anidint of the
resource of con&rol information. For example if1 the number tof .anter;nagogtl_s |ls requced from four to
two, the trah%}ﬁiss%%op% erop?ef grs‘]?elﬁrn%ep& may e incréaséd ’5%3% ST oouxbrfé?is,l and if the
number of apt rts j d from fqyr to +the t issjqn - t rt may be
ncreased by OB fa T Er boalec) (01L8]  aibebcig atior or mai I hch T humber of
antenna poffsrHsed.QnJgtransmission ds identical (Q thatseninitial sransmission is vsed, £quation 11 or
14, for example, may be used. If a precoding vector (or matrix) in which the number of antenna ports
used on retgansmissian is difterent fromdtbat oreinitial dranseissian isaised: forexample, thedumber of
layers in equation 16, 17 or 18 may be used with the number of layers replaced with the number of
antenna ports. {1 54] Expiations thé: ant 1.7 anay beiapplichble to @gase in whiehi ope Of GWssis
responded with ACK and the other CW is responded with NACK, resulting in a decrease in the number
of CWs. Mareusl $peeifically,df EWHO-iSHesbRE&d WitheACK! Wil COPALD 5 fespbiridedifith NACK
on initial transmission, and only CW#1 is thus retransmitted, Lcw#00urrent=0 is assigned in equation

16 or'17 anttRE"EhdiN S tHe reSotirteoPdontrol o & EaREIGET ffdequation 19.Equation
1 e N I s NICK, AL OO s wi
information to be set in consideration of the number of layers on
retransmission (currently) even if the number of layers
transmitting data signals differs between initial transmission and

15 retransmission. Thus, the degradation of reception quality of
control information c¢an be prevented without wasteful use of
resource.

10147] 1If the ratio of the number of layers on retransmission t{o
that on initial transmission (i.e., the number of layers on

20 retransmission/the number of lavers on initial transmission) is
1/A fold (A: integer) for both of CW#0 and CW#1, equation 18

below may be substituted for equation 17.

[18]
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[0155]If signals are transmitted in the two CWs, equation 11 or 14 may be used.If signals are
retransmitted in a single CW,  equation 19 may:be used as exception processing. For example, 5if
4-antenna-port transmission is performed using the two CWs on initial transmission and if
2-antenna-port transmission is performed using a single CVV on retransmission, equation 19 is used
on retransmission. In the fallback mode, which is used when reception quality undergoes extreme
degradation, for 10 example, 1-antenna-port transmission may be performetising &odingfe) CW on

retransmission, in which,case equation, 19,may be used as exceptjon processin%. 1Equation 19 may
A 8YCrs on
n

incorporate'd E8fréctidn value H5%Shbwn in eqUatin 90. 36] 61567 Thgtati

20indicatesacorre?tianactor. Coarrection value W may be determined baseg. on.the nquJ‘nbler of layers
it ra fra 35101 C ctivel :

(or number of antennia [5}()8?{[51)1 i6r %Q/V@noc} Wi on initial transhission aRd on retransmis&ion For

example, the, coreaction 2Quajue.Wdn equatien 20.s thedJatio gfnumbgr.of anienng pofts tg yhich
CWO or CW1 is assigned on retransmission to the number 59 of antenna ports to which CWO or
CW1 is assighned osinitial dransneission. T ae correstien yalue Winay be includedinthe- 1 /A )
is met, the amount of the resource of control information may be
excessive or insufficient, which results in wasteful use of the
resource or low quality. If the probability of not meeting the
above condition is low, or if the system is designed so as to avoid
16 such occurrence, resource amount determining section 204 may
use equation 18 to calculate the amount of the resource of control
information.
[0149] The case in which the total amount of resource (for
example, the number of layers) on retransmission is reduced from
i85  that on initial transmission has been described above. The total
amount of resource (for example, the number of layers) on
retransmission may increase from that on initial transmission. In
that case, resource amount determining section 204 may use
equation 16, 17 or 18 to prevent the assignment of an excess
20 amount of resource to control information.
601507 The number of layers may be replaced with the number of
antenna ports. For example, the number of layers on initial
transmission in the above description (i.e., four layers in FIG.10)
1s replaced with the number of antenna ports (four ports in
25  FIG.10), the number of layers on retransmission (currently) (two
fayers in FIG.10) is replaced with the number of antenna ports on

retransmission (currently) (two ports in FIG.10), and the total



amount of offset 13offsetUP SCH For example, the amount of PUSCH offsetPorfsis determined
based on the number of layers (or ei 5Snumber of %ﬂenna ports) for CWO or CW1 on initial
transmission and on retransmission. [0157]The case in which the calculation of the amount of resource
on retransmission using CW information used in initial transmission has been described.A reason for
calculating the 10amount of the resource on retransmission using CW information used in initial
transmissionisithatrthe ddtaysignali erroe rdtecariretransmissiori may notibebset to & coristantvalue
such as 10%. More specifically, on initial transmission, a base station allocates resource to each
terminal suét? tHat the'datal §ighal’arFiSratbsis A5 4094 Mvhitd brivetedmaimssisnsthebase idfion is
likely to assign a smalle.[ amount of resqurce to data signals than on initiﬁj transmission since it is
sufficient a§%&hga§§ an' thipfoVBREt iﬂ%hieaiﬁﬁi’éff’ dta SRR Fite & ré’t’raﬂgni@éirdh id'thade. In
other words, in,fe, eayation caleyiating the amoynt of fhe, 2Qresauirce of optrol information; 2
reduction in the amount of the resource of data signals %l.e., mscP H-

retransmissiQn, NsympbPSGHs rglfansmission) on retransmission results in a reduction in the amount
of the resource of control information, which leads to the degradation of reception quality of control

information{tig sape 28with tis problem, thedmarmation.gr initial tlansmissian istusedimber
of antenna ports through which different signaling sequences are
transmitted, the number of layers is not always identical to the
number of antenna ports. For example, when a rank-1
10 transmission is performed through four antenna ports, the number
of layers 1s one since the same signaling sequence is transmitted
though the four antenna ports. In this case, if a 4-layer
transmission is performed using four antenna ports on initial
transmission, while a l-layer transmission (rank-1 transmission)
15 is performed using four antenna ports on retransmission, the
amount of the resource of controel information need not be
corrected. In contrast, if a 4-layer transmission is performed
using four antenna ports on initial transmission, while a I-layer
transmission {unsing one layer) is performed using one antenna
20  port on retransmission, the amount of the resource of control
information needs to be corrected.
015217 If the number of antenna ports used for retransmission
decreases, transmission power per antenna port is increased to
compensate for the decrease, thereby avoiding the correction of
25  the amount of the resource of control information. For example,
if the number of anteana ports is reduced from four to two, the

transmission power per antenna port may be increased by 3 dB



to determine the amount of resource, thereby keeping the reception quality that is equal to or exceeds
a certain level (i.e., 60 required reception quality).for control information.Note that EK,"EIK,CW110
andEK"cwtliareidenticalbetweeninitial transmission and retransmission. [0158]Even if a data error rate
is set to 10% (0.1) on initial 5transmission, the data signal error rate may exceed 10% due to delay on
retransmission (i e., the error rate may further increase.) To address this problem, preferably, the
correction Vidife (K%%lﬂ?\lﬁ@ﬁlieélfv@hég e aliBUMt ot the PESGUrES dhPrditfahsrhfssibitié détetmined.
For example, as shown in equation 21, the ratio of 10the number of layers for each CWon initial
transmissioﬁo(‘ll_f:w%tiﬁ DiCwhitiitial 530 tHE Atihier BPIEYers Fotedth €N 8n Bfbit reftdnsniiSsion
(Lcw#ocurrLcvmo rn) enti may nultiplied by a correction.value specific to the term generated for
cach OW (KIS RSy N il 28 S e aiton 72 he

[0153] if a precoding vector {or matrix} in which the number of

T

antenna ports used on retransmission 1s identical to that on iaitial
transmission 1s used, equation 11 or 14, for example, may be
used. If a precoding vector {(or matrix) in which the number of
antenna ports used on retransmission is different from that on
initial transmission is used, for example, the number of layers in
16 equation 16, 17 or 18 may be used with the number of layers
replaced with the number of antenna ports.
[01547 Equations 16 and 17 may be applicable to a case in which
one of CWs is responded with ACK and the other CW is responded
with NACK, resulting in a decrease in the number of CWs. More
15  specifically, if CW#0 is responded with ACK, while CW#1 is
responded with NACK on initial transmission, and only CW#1 is

current

thus retransmitted, Lewgo =0 1s assigned in equation 16 or 17
and the amount of the resource of control information is
calculated from equation 19. FEquation 19 indicates a case in

20 which only CW1 is responded with NACK, but if only CWO0 is
responded with NACK, the CWI1 information in equation 19 may

be replaced with CWO0 information.

[19]



ratio of the number of layers (Linlual) on initial transmission to the number of layers (L'It) on
retransmission may be multiplied by the correctiogg vajue (K). Correction values are not limited to the
above-mentioned examples, and one or more time delays may be multiplied by a correction value.
20[21] (0+ P) 3PUSCH Poser KsiClibbil rwes atrossnt r=0 X X X 7#' X K mpUSCI sia40) .
NPUSCHunida(0)&lalUSC iniths(1) ATPUSCH-(zitia(1) Is until's)CWS1 symb5571C. n synthC":

(Equation 21) 61 .. (Equation 22) [0159]Unlike De ermina on Methods 1 to 7, a restriction that the
same number of layers as that on initial transss on should
] 1 o ... {(Equation 19)
Qemsascwn ™| (O+P)— Coremt -3 .ﬁj;;iC]f
\, | prCHH
& Lo
1M§F;TJSCH—E»MG[1) . M.;iiCH—infﬁa.(l) ET;M:;’

[0155] 1f signals are transmitted in the two CWs, equation 11 or
14 may be used. If signals are retransmitted in a single CW,
equation 19 may be used as exception processing. For example,
5 if 4-antenna-port transmission is performed using the two CWs on
initial transmission and if 2-antenna-port fransmission is
performed using a single CW on retransmission, equation 19 1is
used on retransmission.  In the fallback mode, which i1s used
ﬁhen reception quality undergoes extreme degradation, for
10 example, l-antenna-port transmission may be performed using a
single CW on retransmission, in which case equation 19 may be
used as exception processing. Equation 19 may incorporate a

correction value as shown in equation 20.

[20]
15 1 ... (Eguation 20)
Qeppanecwm == (O+P)- Comml * % ﬁgffﬁ
i)
e LD i
M::DSCIHmM.{l) . M};{;.z(fﬂimna{l)
[0156] W in equation 20 indicates a correction factor.

Correction value W may be determined based on the number of
layers (or number of antenna ports) for CW0 or CW1 on initial
tfransmission and on retransmission. For example, the correction
20  wvalue W in equation 20 is the ratio of number of antenna ports to

which CW0O or CW1 is assigned on retransmission to the number



be always used on retransmission may be imposed. For example, changing the number of layers for
each CW on retransmission with allocation information (UL grant) or the like may be prohibited.
ACK/NACKs may be transmitted in the same number of layers as that on initial transmission even if
the number of layers for each 10CW decreases on retransmission [0160]The embodiments of the
present invention have been described above. [0161] (Other Embodiments) (1) The MIMO
transmission’ modesinithe above-mentivhedh 5Cémbodimenty rhayheatrangmissiorrmodet 84dr 4, as set
forth in LTE, that is, a transmission mode that supports transmission of two CWs, and the non-MIMO
transmissidAARGER MEy Be any Bthef tranmisibon bae, that & Btrdrismissiorimbdétn Wich only
single CW is transmitted.The description of.the-above- 20mentioned embodiments has assumed the
MIMO tran&igdidh mdde Bzi' 4 pltrality of CWs and'the nérMiMO rardifissi8hMdde Gsing a
single CW. More specifically,cas described above, the ahove description ,has bheen made on the
assumptior? k%t%?gﬁ%ﬂ‘“schre transmi gé)%ﬁlglﬁﬁﬁéli?yagfb Igaygr% (%ﬁr% %ﬁj%ﬁt@rof) (r?[aer?l?gﬁ in gtgé) MIMO
transmyssionymagle ang that signals,are fpnsittedsin singledayerorisinglgirankhinghe HrEMIMO
transmission mode. The transmission modes, however, should not be limited to these examples;
signals maybe transmitied fhreueh.a plurality of antenna ports in the MIMO transmission mode (for
example, the SU-MIMO transmission) and signals may be transmitted through a single antenna port in
the non-MIMQ trapnsmiB&ien mode. [GL62]hliké cade:waerdscin lthel aboveimehtionest embodintents may
be replaced with transport blocks (TB). 10[0163](2) in the above-mentioned embodiments,
ACK/NACKs and CQlscarenssed msexamples of voatrél Wfornfation abue thelesstrobinforrhiation is not
limited to the information.Any information (control information) that requires higher reception quality
‘than data si§hEISTS appidabic FoP &xampies CORSSr 15ACKIRCRS ARy & FepktHd Hith PMIs

(information concernin% pre-coding) and/or RI (i.e., information concernin%r&nks]?. )
10 amount of the resdurce on retransmission using information

used in initial transmission is that the data signal error rate on
retransmission may not be set to a constant value such as 10%.
More specifically, on initial transmission, a base station allocates
"resource to each terminal such that the data signal error rate is
15  10%, while on retransmission the base station is likely to assign a
smalier amount of resource to data signals than on initial
transmission since it is sufficient as long as an improvement in
the initial data signal error rate on retransmission is made. In
other words, in the equation calculating the amount of the
20 resource of control information, a reduction in the amount of the

: : PUSCH- ret issi . PUSCH-
resource of data signals (i.e., Msc TETAnEIIEE O e N g ymb

retransmissiony oy retransmission results in a reduction in the amount
of the resource of contrel information, which leads to the
degradation of reception quality of control information. To cope
25 with this problem, the information on initial transmission is used

to determine the amount of resource, thereby keeping the

reception quality that is equal to or exceeds a certain level (i.e.,



[0164](3) The term "layer" in the above-mentioned embodiments refers to a virtual transmission path in
the space.For example, in the MIMO transmissio(Q data signals generated in each CW are 20
transmitted in different virtual transmission paths d.e., different layers) in the space at the same time
and at the same frequency. The term "layer" may be referred to as a "stream.” [0165](4) In the
above-mentioned embodiments, a terminal that determines the amount of resource of control
information'Based 6 6A aCdifferéncelif dédihgirates Bethiedn thd fvereive o whith ool t

information_is, allocated £qr,coding rate ratio) has been described, A difference in MCS between the

two CWs (tan 63MCS ratio) AfaY beuSed, instealf &f a diffePeRcd in cOdihy F&tes beliEeH the two

CWs to Whﬁf}l f:gnmtri%lgipforrg%tié)r} ijst;lo%ast%d S((S){ (g:gding rate ratio).Alternatively, a combination of a
coding rate and‘a modutaticn metﬁodamay beused as a coding rate. [0166](5) The above-mentioned

amount of offsatymay be Igferied tosas 2 cQIIEEtn factar, apd the cpgectian factor may;he referred to

as an amount of offset. Any two or three of the correction factors and amounts of offset (aoffset (L),
poff’, YP SGHand iXarfset) used inthe ahouermentioned grabediments mayibe d0gcombined into one
correction factor or offset. [0167](6) In the above-mentioned embodiments, the description has been
given with antennasy bt therpresentiovention cah be:appliethtocantarndparis as wetle [3k68] The
antenna port refers to a logical antenna composed of 15 one or more physical antennas. Thus, an
antenna portidoesdibtarecadsarily refet ¢oonepHysicall antamra, cand avdy vefer tdwn aRtenima array
composed of a plurality of antennas. [0169]For example, in 3 GPP LIE, how many physical antennas
are includeB ! 1A Hsteniaysert 19 Aot speeifiédo butlan AStenRaZopolt iEpaEified as1& mihfmum unit

allowing the base station to transmit a different reference signal. . )
determined. For example, as shown 1n equation 21, the ratio of

10 the number of layers for each CW on initial transmission

(Lewso ™ Lews ™" to the number of layers for each CW on

current current

retransmission {Leowsg , Lows: } may be multiplied by a
correction value specific to the ferm generated for cach CW
(Kewao, K cwx1). Alternatively, as shown in equation 22, the

15 ratio of the anumber of layers (L'™""") on initial transmission to

the number of layers (L°"7**") on retransmission may be

multiplied by the correction value (K). Correction values are not
limited to the above-mentioned examples, and one or more time

delays may be multiplied by a correction value.

1
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.. (Equation 21)
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[0170]In addition, the antenna port may be specified as a minimum unit in multiplication of a weight of
the precoding vector. 25[0171] The number of Iagﬁ-:‘rs may be defined as the number of different data
signals transmitted concurrently in the space. Fufthermore, the layer may be defined as a signal
transmitted 64 through an antenna port associated with data signals or reference signals (or as a
communication path thereof in the space). For example, a vector used for weight control (precoding
vector) that has been studied for uplink demodulation pilot signals in LTE-A 5has pne-to-one
relationship with a layer. [0172](7) The above-mentioned embodiments have been described by taking
an example of the present invention being implemented by hardware, but the“present invention may be
implemente%f’b@y‘?%" War&'in coo ¢atign with hardwarew0[0173]Fur etionapbiocks used to describe
the above-mentione embodimeprf%]ére typically achieved by LSIs, which are integrated circuits. The
integrated circuits may be implementedifidividually into"sepatatechips, or all or part of the integrated

"

circuit may be implemented into one chip. Although such 15 integrated circuits are referred to as LSIs
herein, they may be called ICs, system LSIs, super LSIs or ultra LSls, deper'{qiqlgl(g@i@g degree of
integration. [0174] The methods for manufacturing integrated circuits are not limited to LSIs, and

dedicated qircuats1or geRerRl-pusRase BQ PEREESSAUSITIRY Pe usedhtoimplemeant thend After LS
production, field programmable gate arrays (FPGAS) or reconfigurable processors that allow

connectiontdrssettingeofraireLliteceltsfwithire 1sSIssmdyahe arsetn [017b]ifradvancemient iniseaiid¢onductor
technology or other 25 technology derived therefrom leads to emergence of integrated circuit
manufacturirg tdchaplogysthat takesthe plave ofiloS | robyidusly nsuets tabhnology nteymbe lesed to
integrate functional bIocks.BiotechnoIolgy may also be apglicgble. [0176]The entire disclosure of the
specificatioﬁé,a@r&%mrggélh%dlumbef of layers for each CW on refransmission with

allocation information (UL grant) or the like may be prohibited.
ACK/NACKs may be transmitted in the same number of layers as
that on initial transmission even if the number of layers for each
10 CW decreases on refransmission.
0160} The embodiments of the present invention have been
described above.
[0161] (Other Embodiments)
(1) The MIMO transmission mode in the above-mentioned
15 embodiments may be transmission mode 3 or 4, as seft forth in
LTE, that is, a transmission mode that supports transmission of
two CWs, and the non-MIMO transmission mode may be any other
transmission mode, that is, a transmission mode in which only
single CW is transmitted. The description of the above-
20 mentioned embodiments has assumed the MIMO transmission mode
using a plarality of CWs and the non-MIMO transmission mode
using a single CW. More specifically, as described above, the
above description has been made on the assumption that signals

are transmitted in a plurality of layers (or a plurality of ranks) in



abstracts in Japanese Patent Application No 2010-140751 filed on June 21, 2010 and Japanese
Patent Application No 2010-221392 5filed on Sep}gember 30, 2010 are incorporated herein by
reference. Industrial Applicability [0177]The present invention is useful in mobile communication
systems and/or the like. Reference Signs List [0178] 100base station 200 terminal 15101setting
section 102, 103coding and modulating section 104, 205transmission signal generating section 105,
206transmittirty 3eENbH 106 r2e1anteARaRO1D7 220D reieeptior: Sedtion 108 F 208radid Proessing
section 109, 203reception processing section 110data reception section 111 ACK/NACK and CQI
receiving séctidil 25504tEstcé! ambaintdeterrifg" Séctioh" 207 trXhSmi&&ibR rocéssing 8étion

The transmigsion modes, however, should not be limited to these

examples; signals may be transmitted through a plurality of

o

antenna ports in the MIMO transmission mode (for example, the

SU-MIMO transmission) and signals may be transmitied through a

single antenna port in the non-MIMO transmission mode.

[0162} The code words in the above-mentioned embodiments may

be replaced with transport blocks (TB).

10 (01637 (2) In the above-mentioned embodiments, ACK/NACKs
and CQIls are used as examples of control information, but the
control information is not limited to the information. Any
information {control information) that requires higher reception
guality than data signals i1s applicable. For example, CQIs or

15 ACK/NACKs may be replaced with PMlIs {information concerning
pre-coding) and/or Ri (i.e., information concerning ranks).

[01647 (3) The term “layer” in the above-mentioned embodiments
refers to a virtual transmission path in the space. For example,
in the MIMO trangmission, data signals generated in ecach CW are

20 transmitted in different virtual transmission paths {1.e., different
layers) in the space at the same time and at the same frequency.
The term “layer” may be referred to as a “siream.”

[0165] (4) In the above-mentioned embodiments, a terminal that
determines the amount of resource of control information based

25 on a difference in coding rates between the two CWs to which

control information is allocated {or coding rate ratio) has been

described. A difference in MCS between the two CWs {or an



66 CLAIMS Claim 1A terminal apparatus that transmits two code words to which control information is
allocated, in a plurality of different layers, the apparatus comprising: 5a determination section that
determines the amount of resource of the control information in each of the plurality of layers; and

a transmission signal generating section that generates a transmission signal through modulation of
the control information 10using the amount of the resource and allocation of the modulated control
informationtb(tie twéicodeniorde swhereln 11 stheedeteimination seetier deterisines thé dmdunt of the
resource based on a lower coding rate of the coding rates of the two code words, or the average of the
inverses of tid ¥6difg Hites 1501 thé¥tivo' Codé wGids S Eldife 2THe b el Hppatattis 6edfding to
claim 1, wherein th§ .determ'knatiorjé.s ction d ttermintes the amount of the esource %CW%O + CWA
shown n e4UALH 4 bing 6 AVerbe of theRVAAE '20°61 the CHMAY TAI Hewhd of & frat Ebde word

of the two code vigds a1 e IIYSLSP 116 5ading [ate. it of @ seagnd,coda,ord of the two code

words as the average of the inverses of the coding rates of the two code words: [1] 25Q CRT 4 0 +
CWIIL(® + Rxreehl O rew#1l ¥nePUSGH & Bhentioned amount of offset may be

referred to as a correction factor, and the correction factor may
be referred to as an amount of offset. Any two or three of the
correction factors and amounts of offset (dorrser (L), BoffS@tPUSCH
and Yoffser) used in the above-mentioned embodiments may be
10 combined into one correction factor or offset.
[0167] (6) In the above-mentioned embodiments, the description
has been given with antennas, but the present invention can be
applied to antenna ports as well.
[0168] The antenna port refers to a logical antenna composed of
15 one or more physical antennas. Thus, an antenna port does not
necessarily refer to one physical antenna, and may refer to an
antenna array composed of a plurality of antennas.
[0169] For example, in 3 GPP LTE, how many physical antennas
are included in the antenna port is not specified, but an antenna
20  port is specified as a minimum unit allowing the base station to
transmit a different reference signal.
[0170] In addition, the antenna port may be specified as a
minimum unit in multiplication of a weight of the precoding
vecfor,
25 [017117 The number of layers may be defined as the number of

different data signals transmitted concurrently in the space.

Furthermore, the laver may be defined as a signal transmitted



2qffset (Equation 1) 67 where 0 indicates the number of bits in the control information, P
indicates the number of error correction bits added to the control information, fioffselpuscu nd iicates
an amount of offset, and L indicates the number of the plurality of layers. Claim 3The terminal
apparatus according to claim 1, wherein the determination section determines the amount of the
resource Qcw#ocwfit shown in equation 2 using a multiplication result (*Toffs ircw#0) obtained by
multiplying tHé fvefseé Bf 40T &t 10 # 3 OF ARl ohedf theltWd coidewbtds by & '¢oifddtibn factor

yoff, as e sverage ofthe yerses of s cofing raiss o e g eode words; L gov gl =

example, a vector used for weight control (precoding vector) that

has been studied for uplink demodulation pitot signals in LTE-A

o1

has one-to-one relationship with a layer.

[0172] (7) The above-mentioned embodiments have been

described by taking an example of the present invention being

implemented by hardware, but the present invention may be
implemented by software in cooperation with hardware.

16 [0173] Functional blocks used to describe the above-mentioned
embodiments are typically achieved by LSIs, which are integrated
circuits. The integrated circuits may be implemented
individually inte separate chips, or all or part of the integrated
circuit may be implemented into one chip. Although such

15 integrated circuits are referred to as LSIs herein, they may be
calied ICs, system LSIs, super LSIs or ultra LSIs, depending on
the degree of integration.

[0174] The methods for manufacturing integrated circuits are not
limited to LSIs, and dedicated ecircuits or general-purpose

20 processors may be wused to implement them. After LSI
production, field programmable gate arrays (FPGAs) or
reconfigurable processors that allow coanection or setting of
circuit cells within LSIs may be used.

01751 If advancement in semiconductor technology or other

25 technology derived therefrom leads to emergence of integrated

circuit manufacturing technology that takes the place of LSI,

obviously, such technology may be used to integrate functional



C4V #0 (Equation 2)  15where 0 indicates the number of bits in the control information, P indicates
the number of error correction bits added PUSCH 4o the control information, Roffsetindicates an
amount of offset, and L indicates the number of the plurality of layers. 20Claim 4The terminal
apparatus according to claim 3, wherein the determination section determines the amount of the
resource Qcw#o cwfti shown in equation 2 using the multiplication result (yoffsetircw440) obtained by
multiplying tHe iverse SRMECEOUY Pt rdHY By tHe korideRbhcraRISH yoff."1 set based on a

difference 25in coding rate between the two code words, as the average of the inverses of the coding
atos of the ) e Wi, S8 Ehif 110 Chmial Bpbat L8 AECOTHD o QI 3 Hhatih the
determinati ction, determi of,the re ( 1 ingquation 1 using
the Ul FouLit COTEBA0) Shiained By it (s Ao le'of e odg & o1

June 21, 2010 and JFapanese Patent Application No 2010-221392

1

filed on September 30, 2010 are incorporated herein by reference.

Industrial Applicability
[0177}] The present invention is useful in mobile communication

systems and/or the like.

10
Reference Signs List
[0178]
100  base station
200 terminal
15 101  setting section
102, 103  coding and modulating section
104, 205 transmission signal generating section
105, 206 transmitting section
106, 201  antenna |
20 107, 202 reception section
108, 208 radio processing section
109, 203 reception processing section
110 data reception section
111 ACK/NACK and CQI receiving section
25 204 resource amount determining section

207 transmission processing section



5 rate row#0 by the correction factor yorfsei shown in equation 3, as the average of the inverses of the
coding rates of the two code words: [3] coding rate of one of CWs (roy00) offiet - coding rate of a
combined CW(r01,40,cwl) 10(Equation 3) where "coding rate of one of CWs (rcw#0)" indicates a
coding rate rCW110 of the one of the code words, "coding rate of a combined CW (rcw#0 rcw#1)"
indicates a coding rate of a combined code word obtained by combining the two code words,
15MCWItOSCPUSCH:-initial indicates a transntidsibhibandwidth for the one of the code words ian
uplink chan([}ﬁl,_Mcw#isc PUSCH-initial igdicates a transgissior] bandwidth for the other one of the two
code wordsihth8 uplink chanridl” NidaosyhbBPUSEH- iRt hthdsas fie Nifbet OF triisifligsion
symbols petrounitEQ{?ln mission quaprg 0|gtmh g(%r(ghe one (g‘ltpijec%()[%edwords in thelupli K chanr%el,

e t 0§
PUSCH-initial N T]S ycrﬁ)ﬁllnrdlocatest e number of transmis&ion symtl)gls perpurlﬁf fransmigdion

bandwidth forithe pther &99? é/vogg énéfl% yp&ip‘gscq%qﬂ(?lznggg indicates the number of code blocks

into which a data signal allocated in the one of the code words is
5 a determination section that determines the amount of

resource of the control information in each of the plarality of
layers; and
a transmission signal generating section that generates a
transmission signal through modulation of the control information
10 using the amount of the resource and allocation of the modulated
control information to the two code words, wherein
the determination section determines the amount of the
resource based on a lower coding rate of the coding rates of the
two code words, or the average of the inverses of the coding rates

15 of the two code words.

Claim 2 The terminal apparatus according to claim 1, wherein
the determination section determines the amount of the resource
Qcww#o + cwer shown in equation 1 using the average of the inverse
20 of the coding rate rcwwse of a first code word of the two code
words and the inverse of the coding rate rewy; of a second code
word of the two code words as the average of the inverses of the
coding rates of the two code words:
[11
1 1

..i..
Ve ¥
25 QC;/V H#0+ CWHE - (O +P)X £ 40 2 Sl X ﬁPUSCH /L v (Equation 1)

affset



69 divided, Ccw#1 indicates the number of code blocks into which a data signal allocated in the other
code word is divided, Kr v,c Tfto indicates the nugpber of bits in each code block in the one of the code
words, and Kr WC #1 ndicates the number of bits in each code block in the other code word. Claim
6The terminal apparatus according to claim 1, wherein the determination section determines the
amount of the resource Qcwoocw#1 shown in equation 5 using the average shown in 10equation 4: [4]
. (Equation 4) [5] W L¢{Equation 5} ifiéies0 ihtfcat8d the HimBér of bifs in the dbfitrdt SHdFMation, P
indicates the number of errgr correction bit%added P SCH to the control inform$tion, Po{ﬁ;"ﬂndicates
iti

an amount oF 2UdHéét Windichtes e RtimBEr BF TR Blurality Bridy &  USEH IitiaT 24¢

MCWHOSGRIndicates 3 ransmission.bapdwidihfor onewfes . gicates an amount of

offset, and L indicates the number of the plurality of layers.

i

Claim 3 The terminal apparatus according to claim i, wherein
the determination section determines the amount of the resource
Qcwso + cws1 shown in equation 2 using a multiplication result
(Vofrset/Towse) obtained by multiplying the inverse of a coding rate
10 rewso 0f any one of the two code words by a correction factor
Yoffser, a5 the average of the inverses of the coding rates of the

two code words:

[2]
] 1 ! .
Ocwvoscwm =1 L0+ P)x X fﬁf‘;mxvqmm/,&} .. {Equation 2)
Few o
15 where O indicates the number of bits in the control

information, P indicates the number of error correction bits added

PUSCH

to the control information, [Pofrset indicates an amount of

offset, and L. indicates the number of the plurality of layers.

20  Claim 4 The terminal apparatus according to claim 3, wherein
the determination section determines the amount of the resource
Qcw#o + cws#1 Shown in equation 2 using the multiplication result
(Yorfset/Tcwso) obtained by multiplying the inverse of the coding
rate rowgo by the correction factor yorrser set based on a difference

25 in coding rate between the two code words, as the average of the

inverses of the coding rates of the two code words.



the two code wordsan uplink channel, MCW41SC PUSCH-initial 70 two code words in the u plink
channel, NCW1i0Symb PUSCH-in it | al indicatesthe numberof transmissionsymbolsperunit
transmission bandwidth for the one of the code words in the PUSCH-initial uplink channel,
Ncwitisymbindicates the number of transmission symbols per unit transmission bandwidth for the other
code word in the uplink channel, Ccwtio indicates the number of code blocks into which a data signal
allocated in'thé dhe’of the cod& WEdS i HivitBl *ELhiL TiCAtds the! Sufierdb tode8I6EKS into
which a data seiggal allocated in the Qtner %od({e word is 10diy'§:led Krcwﬁﬁ{) i(glgicﬁltgsrc)ates the number

. . t Hllnaq(l 1 S5¢CC CLIeTININGS 118 Our S5O urce.
of bits in each code Bfock In t?me ohe 01l ﬂ'ne code words, and Kr &n&]lcates the number ObeItS each

code block iy the other code.wqd,, Claim. ¢ The fetininal,apparatys ageereing fo Alaim 1 whgrein 15
the determination section determines the amount of the resource Qcw#o + cwiti shown in equation 6
using the inverse of an.averags «f gading rates ©f Gede wardsiassignes: ta-each of theplyrality of
layers ((rcwiio x Ecwtio Lcwl/ii) (Lcw#0 Lcw#1)), as the average of the inverses of the coding rates of
the twe codeawords20[ 6]y OHR)-lcawo ercltcwitl ppuscu Ly § ¢l .+rottoowioiava qupiQY4l puffys'

where 0 indicates the number of bits in the control information, P indicates the number of error where 0O
indicates thehsuraber otbit® in the controlinformalion P indidates thet nambkr 26of emor cordection bits
addedto the control inform ation,

words:
[3]
coding rate of one of CWs (r,)
’y Yot = - -
W coding rate of a combined CW (Fup o, cwer)
PUSCH —initial PUSCH ~initial PUSCH —initial PUSCH —initial
— y M CW #0 50 N, CH #0symb M CW #1sc " ewsgms
Rl Ceowpg—1 o~ chrfa -1 -
St S
r=0 r={)
10 ... {(Equation 3}

where “coding rate of one of CWs (rewso)” indicates a
coding rate rewse of the one of the code words, “coding rate of a
combined CW (rcweoe + rewwr)” Indicates a coding rate of a

combined code word obtained by combining the two code words,

PUSCH-initial

15 Mcwrosc indicates a transmission bandwidth for the one

of the code words in an uplink channel, Mewg ge oo Cninitial

indicaies a transmission bandwidth for the other one of the two

USCH-initial :_ 1.
A indicates

code words in the uplink channel, Ncw#ggymbp
the number of transmission symbols per unit transmission
20  bandwidth for the one of the code words in the uplink channel,

PUSCH-initial ; _ 1. o
CH-initial yhdicates the number of transmission symbols

New#isymb
per unit transmission bandwidth for the other code word in the
uplink channel, Ccowso indicates the number of code blocks into

which a data signal allocated in the one of the code words is



71 of the plurality of layers, Tcwyo indicates a coding rate of one of the two code words, rcwn indicates
a coding rate of the other code word of the two ((:jgéje words, Lcw#o indicates the number of layers in
which the one of the code words is allocated and Lcw#1 indicates the number of layers in which the
other code word is allocated. Claim 8The terminal apparatus according to claim , wherein the
determination section re-sets the amount of the resource 10 QCWHO CW#I on retransmission shown
in equationd?, \delsehdiRg: en the AuribersoftiagerstifWhichPdacty E6dé World s dlbeatél iontthe
retransmission: [7] . 15where O indicates the number of bits in the control information, Pgdicates the

number of &b coiEREidNn HitS 4aded UP SEA 8 thé tohttoISniBmatids, rkbffstifldicites an amount

of offset, rcwtip. indicates a coding rate of a first.code word of the, two code words rq‘vv#JtEi dicates a
coding rate'8 é%%%‘b%dﬁégdg %ﬁl%vx?grao gf ﬁfej[ two code \gvo?gsf% (?_ecb\t}(;#goﬁ cﬁjr]retnglenéilgé‘te% h%lr%umber of

avers In whigl {nc, st godeqyord e allogaied ot fne [Rapsmigsla and kaat £ ungndigates the

number of layers in which the second code word is allocated on the retransmission. 25Claim 9The
termingl appagatys;aceqrdingie.clagg 4, wherein 72 Qcw#0 + cw#l on retransmission shown in

equation 8 based on a ratio of the number of layers in which each code word is allocated initialon

transmission to the number of layers in which each code word is allocated on the retransmission:
Claim 6 The terminal apparatus according to claim 1, wherein
the determination section determines the amount of the resource

Qcwue + cwe1 Shown in equation 5 using the average shown in

10 equation 4:

M PUSCH-initial N PUSCH-initial M PUSCH-nitial ; PUSCH-initial
CWiise TV 0 sy VL Cwt e CHF#l symb
Ceppp 1 - Cowgy cwn
YKL YK
r=0 =0
... (Equation 4)
(5]
PUSCH-initial N PUSCH-initial M PUSCH-initial PUSCH-initial
CHHOse LY CIHO sy CHl o T oL symb FUSCH
5 — . ) .
1o Qewsrcwin =| (O+F) Coman] G /Boﬁi‘er /L
CHAH0 CHH
DKL YK
=) =

... (Equation 5}
where O indicates the number of bits 1in the control

information, P indicates the number of error correction bits added

PUSCH

to the control information, Porfset indicates an amount of

20 offset, L indicates the number of the plurality of layers,

Mewsoge! DoCH-initial s qicates a transmission bandwidth for one of

. - PUSCH-initial
the two code words in an uplink channel, Mcwsisc fnrtie

indicates a fransmission bandwidth for the other code word of the



5[8] ... (Equation 8) where 0 indicates the number of bits in the control information, | indicates the
number of error correction bits added PUSCH to-the control information, Po(("tindicates an amount of
offset, rcw#o indicates a coding rate of a first code word of the two code words, rcwiji indicates a
coding rate of a second code word of the two code words, (Lcwftocurrent/Lcwftoinitial) indicates a
CUrre ratio of the number of layers Lcw#0in which the first code 15word is allocated .an the. ..
retransmissigit to ﬂﬁbﬂﬁum\ﬁéﬁfgﬂay&s L &fvatial it Svhibh fiigfirst cotfewword israllocated on
transmission,éLcwtcurrent Lcwiliinitia{) indicatﬁs atratio of the number of Igy?rs Lccurrent in %/vhich the
second codé word i§ allocatéd oh the réfransmission to’thé Humber osf)fgyl/ 15 Lewrtifiial 20fH Which the
second codg yord, is.aliggated, gn initiplrapsinis PUSGHinial (QPUSGH-iniial (0)) inglicates
(Mscsymh '73 which the first code word is allocated on initial transmission, JSCH

PUSCH-initial

uplink channel, Necwsirgyms indicates the number of

[ ]

transmission symbols per unit transmission bandwidth for the
other code word in the uplink channel, Ccwsg indicates the number
of code blocks into which a data signal allocated in the one of the
code words is divided, Cews; indicates the number of code blocks
into which a data signal allocated in the other code word is
10 divided, K,“%7% indicates the number of bits in each code block in
the one of the code words, and K.“Y*! indicates the number of bits

in each code block in the other code word.

Claim 7 The terminal apparatus .according to claim I, wherein
15 the determination section determines the amount of the resource
Qecwso + cws1 shown in equation 6 using the inverse of an average
of coding rates of code words assigned to each of the plurality of
layers ((rcweo * Leowso + rewsr * Leowsi) / (Lewso + Lowsi}), as the
average of the inverses of the coding rates of the two code words:

20 [6]

Lespso + Loy .
QCW#O+CW#I:L7(O+P)' S 'ﬁ;}f,w/L ... (Equation 6)

Tewso *Lowyo T own % Lown
where O indicates the number of bits in the control
information, P indicates the number of error where O indicates the

number of bits in the control information, P indicates the number

]
[92]

of error correction bits added to the control information,

Bgffsmpuscﬂ indicates an amount of offset, L indicates the number



(Msc PUSCHe-initial (1) IhNsy)indicates the amount of resource allocated to a data signal in each layer
in which the second code word is allocated on ini p]al transmission, Ccwtio 5 indicates the number of
code blocks into which a data signal allocated in the first code word is divided, Ccw#1 indicates the
number of code blocks into which a data signal allocated in the #0 second code word is divided,
Krindicates the number of bits in each code block in the first code word, and Krcw#1 indicates the
10number 6ffbits in paehadods bidckan thé sécond coté! watd sClaifP TOA Lormbturi€ationr ndthod
comprising: . determining an amount of resource of control information in each of a plurality of
different laydr§ il Which 46 cBde fordsasare'fakisiitted the cohtrof infdfihation Beingaliccated in
the two codce vg%rds; ‘ mop%:%tin% the corzjtrol infor Sati?n using thy argount”c})f the resource; and

allocating te fhodiatd &dntrofinférnationtin the g cote’ sowBds b Genktste'a tPanemigdion

signal, Whef%g;'eﬁs the %{Hgl%rﬁ qfifhe JESOUES {5.detepmingd P@EEPSOQ}]%%"? £oging rate of the
coding rates of the two code words, or the average of the inverses of the coding rates ofthé two code
words.;  ipdicates the number of layers in which the other code word is

allocated.

Claim 8 The terminal apparatus according to claim 1, wherein
the determination section re-sets the amount of the resource

10 Qcwso + cwei on retransmission shown in equation 7, depending on
the number of layers in which each code word is allocated on the
retransmission:

[7]

1 . .
Qemposcwsn =| (O+P)- /3’;’;;’5,‘3"{ ... {Eguation 7)

CHPTEnRf Current i
Ve * me T XLME

15 where O indicates the number of bits in the control

information, P indicates the number of error correction bits added

PUSCH

to the control information, Porrset indicates an amount of

offset, rcweo indicates a coding rate of a first code word of the
two code words, recws) indicates a coding rate of a second code

current

20 word of the two code words, Lewso indicates the number of

layers in which the first code word 1is allocated on the

current

refransmission and Lews indicates the number of layers in

which the second code word is allocated on the retransmission.

26 Claim 9 The terminal apparatus according to ciaim 1, wherein

the determination section determines the amount of the resocurce



10

20

Qecwse + cwe: on retransmission shown in eguation 8§ based on a
ratio of the number of layers in which cach code word is allocated
on initial transmission to the number of layers in which each code

word is allocated on the retransmission;

% 1 -
. | pRUSCH |
QCI’V#U-« Cwhiel k% (O ’ P) current current ﬁ@f’f‘ﬂ ;
P imitial " ewra s inttiad |, "Toww
CHit w0 faitial CiFt cHmE initial
Lcw»ﬂ LL‘:WE
= (0+P) !  prusc
Corgy— Cowp =1 offsel
K‘C ] KC HEH
" Lcm‘renr 5 Eurm‘:z
r=() e % B T+ r={ % R
M!’USCH-{;;H,‘(;{O} ]\ﬂ’US(TH-inilia{G) B}iitl’ai‘ MPUSCH-!'#J'ﬂmU) NFUSCH—{::J’H‘M‘.]} I/ini{iﬂf
s¢ symi e 3¢ symb ewn

.. (Equation 8)
where O 1indicates the number of bits in the controi

information, P indicates the number of error correction bits added

PUSCH

to the control information, Porrset indicates an amount of

offset, rewsgo indicates a coding rate of a first code word of the

two code words, rews; indicates a coding rate of a second code

. -y t initi - .
word of the two code words, (Lewso™® Y Lowso ™) indicates a

current

ratio of the number of fayers Lewso in which the first code

word 1s allocated on the retransmission to the number of lavers

Lewseo ™Y in which the first code word is allocated on initial

.. rent initial . . . .
transmission, (Lews "7 Lews'™™"™) indicates a ratio of the

current

number of layers Lecws in which the second code word is

allocated on the retransmission to the number of layers Lowg: *0%

in  which the second <code word is allocated on initial

PUSCH-initial (0) | FUSCH-initial (0)
(MSC Nsymb )

transmission, indicates

the amount of resource allocated to a data signal in each layer in
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which the first code word is allocated on inifial fransmission,
(MSCPUSCH-‘iniHaE (l)'-NsymbPUSCHviniiiai (1)) indicates the amount of
resource allocated to a data signal in each layer in which the
second code word is allocated on initial transmission, Ccwao
indicates the number of code blocks into which a data signal
allocated in the first code word is divided, Cewy indicates the
number of code blocks into which a data signal allocated in the

- CWH
K, CWHo

second code word is divided, indicates the number of bifs

Cwi#l

in each code block in the first code word, and K. indicates the

number of bits in each code block in the second code word.

Claim 10 A communication method comprising:

determining an amount of resource of control information in
each of a plurality of different layers in which two code words
are transmitted, the control information being allocated in the two
code words;

modulating the control information using the amount of the
resource; and

allocating the modulated control information in the two code
words to generate a transmission signal, wherein

the amount of the resource is determined based on a lower
coding rate of the coding rates of the two code words, or the

average of the inverses of the coding rates of the two code words.



