SPECIFICATION TITLE OF THE INVENTION BASE STATION
DEVICE, USER DEVICE, AND METHOD USED IN MOBILE
COMMUNICATION SYSTEM 5 TECHNICAL FIELD The present
invention relates to a mobile communication system to which orthogonal
frequency division multiplexing (OFDM) is applied in downlink. 10 More
particularly, the present invention relates to a base station apparatus and a
communication control method. BACREROUNP*ARIN 133GPP that is a
standardization grioupHf WNCDMAGK studying a communication scheme that
becomes a successor te Y¥-CRMA and HSDPA, thatds, 3@PPis studying

Long Term Byohutipn(-TR)-A% adie acchss sehamesy OFRMH@rthogonal

Frequency Division 20 Multiplexing) is being studied for downlink, and SC-
FDMA (Single-Carrier Frequency Division Multiple Access) is being studied
for uplinlgg‘%ms&bn%&%t document 1, for example). OFDM is a scheme
for dividing a frequency23 basd it alplucality of nafrow-fréqliency Bakds ©
(subcarriets)rsmas o performdransmissionimhcanryinggata onfeachiency
subcarriefBy: arrangingithesubcariersanfigquencigs denselywithuts i nk .
interfering with each other while a.part of them 30pverap.;high speed. . .,
transmission Is realized. so that efficiency of use of frequency increases.

bas station appara s, and a communication control
SC-FDMA i85 frafismission sgﬁemettﬁat can

method.

BACKGROUND ART

15 3GPP that is a standardization group of W-
CDMA is studying a communication scheme that becomes
a successor to W-CDMA and HSDPA, that is, 3GPP is
studying Long Term Evolution (LTE). As radio access
schemes, OFDM (Orthogonal Frequency Division

20 Multiplexing) 1is being studied for downlink, and SC-
FDMA (Single-Carrier Frequency Division Multiple
Access) 1s being studied for uplink (refer to non-
patent document 1, for example).

OFDM is a scheme for dividing a frequency

25 band into a plurality of narrow frequency bands
(subcarriers) so as to perform transmission by
carrying data on each subcarrier. By arranging the
subcarriers on frequencies densely without
interfering with each other while a part of them

30 overlap, high speed transmission is realized so that
efficiency of use of frequency increases.

SC-FDMA is a transmission scheme that can
decrease interference among terminals by dividing
frequency band and performing transmission using

35 frequency bands that are different among a plurality
of terminals. Since the SC-FDMA has characteristics

that variation of transmission power becomes small,



decrease interference among terminals by dividing frequency band and
performing transmission using 33 frequency bands that are different among a
plurality of terminals. Since the SC-FDMA has characteristics that variation of
transmission power becomes small, -2- low power consumption in the
terminal and wide coverage can be realized. Generally, in =bile
communications, pilot signals are used for channel estimation and radio
quality meisurstient. TRe pioPSignal istcdliet Dewhlimke Reférénte Signal
(DL RS) imk¥Eage can The dewhlinkdeference signal in LTE is represented
as a two dimensional sequence; and.is fermead by ectwa.dimensienal, pilot
orthogonal seguence and 10.a o dimensional pseyda randomy aq; 0
sequence Mapning (subcarrier pumbep), of the reference signal to physical
resources canlb_é/ representede gy the foﬁ’owi% equath% (anon patent
documerit ZJ k L6mRe ke )imad %lhd;?%loﬁé 10 32 syhibn1 15 wherein
k indicates a subcarrief ruinlser 1indicatdsas OFRDMisymbolimurhBEr, and i
indicatesra slot srimber, andan isranditeges valuelas teflows: 0, 1406 pi=0,1 0
for p = 2 3and the.generic, framarsthuctyre 0, ltor g 2.3 anddhe altesnative
ﬂaqgasngcgwgPﬁ@%éﬁ%@*@ﬁﬁhegéago random sequence. Mapping
(subcarrier number) of the reference signal to

physical resources can be represented by the

following equation (non patent document 2):

k=6m+(v+ £ (lif2]))mod6
0 n=0
N™ -3 n=1

[ = {
symb

15 wherein k indicates a subcarrier number, 1 indicates
an OFDM symbol number, and i indicates a slot number,

and m is an integer value as follows.

DL
m=01,..., A;%‘
Niw/2)
0,1 for p=0,1

n=10 for p =23 and the generic frame structure

0,1 for p = 2,3 and the alternative frame structure

Npw =12, N2- =7

syml

P {ndicates the number of subcarriers in the

DL

NBW
20 whole system band. Ngyw is 300 when the system
bandwidth is 5 MHz, is 600 when the system bandwidth

is 10 MHz, and is 1200 when the system bandwidth is



BW N-Bril" indicates the number of subcarriers in the 20 whole system
band,DL is 300 when the system Ny bandwidth is 5 MHz, is 600 when the
system bandwidth is 10 MHz, and is 1200 when the system bandwidth is -3-
20 MHz. P indicates an antenna port number.When only one antenna is
used, p=0.When four antennas can be used, p=0, 1, 2 or 3. In the
above-mentioned equation, v is determined by the following equation. 3nfor p
=0 3 + 3aforPl1 1+ 3(i micH 2pfor P 212 2330 fodP2) for p&3°-the When
before-mentioned equatienpthopg)) iss acellsspecific integerfsequenoe ennas
indicating a-hopping pajteprwhich, changessfor each subframe or each slot

100f the downlink reference signal.That is, by changing f1() for each;cell, it
bec esdgggsljpnlg to dmgg t@(% goyonili k reference signal to a subcarrier which

is different for each cell. The value O(Jvflngy %%_ua ixed value 15
independent of time.Wh uch a fixed vafiefls set to each cell, the downlink
reference signal is mapped while being skifteg by the fixed value which is
different for each cell.#ig.1 shows a mapPin%e_xample of the 20reference
signal.Fig.1 shows mapphigXémedié) ©°TP =

2+3(imod2) forp=3

In the before-mentioned equation, fuop(J) 1is a cell-
specific integer sequence indicating a hopping
pattern which changes for each subframe or each slot

10 of the downlink reference signal. That is, by
changing fnop(j) for each cell, it becomes possible
to map the downlink reference signal to a subcarrier
which is different for each cell.

The value fnp(J) may be a fixed value

15 independent of time. When such a fixed wvalue is set
to each cell, the downlink reference signal is
mapped while being shifted by the fixed value which
is different for each cell.

Fig.l shows a mapping example of the

20 reference signal. Fig.l shows mapping (left side)
to physical resources when the antenna port number
is 0 (p=0) and fnop(j) is always 0, and shows mapping
(right side) to physical resources when the antenna
port number is 0 (p=0) and fnp(Jj) 1is always 2.

25 As shown in the figure, in the former case,
the downlink reference signal is mapped to k-th (k =
6 x J (j is an integer equal to or greater than 0))
subcarrier in the first OFDM symbol (1=0). However,
in the latter case, the downlink reference signal is

30 mapped to k-th (k = 6 x j + 2 (j 1is an integer equal
to or greater than 0)) subcarrier in the first OFDM
symbol (1=0). Accordingly, the downlink reference

signal in LTE is mapped to subcarriers which are



to physical resources when the antenna port number is 0 (p=0) and flicyp(j) is
always 0, and shows mapping (right side) to physical resources when the
antenna port number is 0 (p=0) and fl,p(j) is always 2. 23As shown in the
figure, in the former case, the downlink reference signal is mapped to k-th (k
=6 x| (j is an integer equal to or greater than 0)) subcarrier in the first OFDM
symbol (1=0).However, in the latter case, the downlink reference signal is 30
mapped 6 kAR{REE6 %G+ 238 aifihteder eyiritd by gfeatet frarfe)) (1) -
subcatrrier in the first GiyDWhsymbol, (1=0).iAccordinglys tthe Oownlinkt the
reference signal bk TE s snapped-tassubcarders whichnarer -4-cdifferent far

each cell.oy praperly seiing Mo, mat 1 on BY the way. it is being siydied
that ghe user gpPa{atuskper orms dcemodulatlon of 16 QAM and 64 QAM by

using infc%rmationac_)l‘l a fixe V\V/eaﬁ?e_ Wﬂfc%sfglas ?étloonbgt?/ve‘eern ﬁgﬁsr%flssion
power pet BHE SUbEaTriéF irarShisSio poWEr deASIP pér umit fregliéhcy) of
the downfink refererice signal andtranshmissionisowercgerdne sibeartier
(transmissiem powes density per upifreguensypobnormal dataskOsignalion
(refer to pen-patent-document;3, far example) e The nosmak data:signakis, as

a physical ehannel, the-physical downlink shargd chanpel @D%%g')-%!ﬁ%% Le) .

necessar hto perforrrlagg)gitude, estlr}?atlon for demo ulatlonlof

64 QAM.1t can bé I_DL% expec?e(f f‘of'J Prﬁpro%/se’esaﬁ?naatiopn g&:lucrgcy %yaper%feorming
demodulatién By ising the'Riiowietgesthar power density diffetence bethéert s
the refererce sigmal ahd the data sigmab isia fited satuehi-this case, since
transmissiendqaower-pemone 20sulgearrienaf the downlink referance-signal is

15 expected to improve estimation accuracy by
performing demodulation by using the knowledge that
power density difference between the reference
signal and the data signal is a fixed value. In
this case, since transmission power per one

20 subcarrier of the downlink reference signal 1is
always constant, transmission power per one
subcarrier of the normal data signal is also always
constant.

Since the downlink reference signal is not

25 transmitted in all OFDM symbols, there is a time
range in which the downlink reference signal is
transmitted and a time range in which the downlink
reference signal is not transmitted. Therefore, if
total transmission power of the base station is set

30 to be constant, transmission power density of the
data signal may vary for each OFDM symbol. Then,
there is fear that the amplitude estimation accuracy
is susceptible to deterioration. Methods are
proposed for setting transmission power of normal

35 data signal to be constant in the both time ranges
regardless of whether the reference signal is
included in the OFDM symbol.



always constant, transmission power per one subcarrier of the normal data
signal is also always constant. Since the downlink reference signal is not 23
transmitted in all OFDM symbols, there is a time range in which the downlink
reference signal is transmitted and a time rgnge in which the downlink
reference signal is not transmitted.Therefore, if total transmission power of
the base station is set 30to be constant, transmission power density of the
data signal may vary fére&éls OFDMESy misolTHen, thére iRTeapthat e
amplitude estimation gocunadyi isssusteptiblectordeterorationtMethods are
proposed fos settingntransmission pewer of noamal 33 data signahtabe ch
constant i e, Bath Ume [20ges aoardasghwhethey dheeference sigialis
mclugied |nt e OFDM g ymbol. ed5 to the JnoOnNEOf of tpﬂ%%ethod% tgl](_grnormal
data S|gnaf5‘|s proﬁlblte from eing mappe {0 a re etermlned subcarrier in
a time rafige’if %}'ﬁéﬁl%eSHB\ﬁ/ﬁﬁﬁR ?éf%ré"rl?(,eer §|gF15F|sdt?§r?srﬁ|h‘éﬂaAnf8IBa}f§
is not mappeetd thepredetermingd Babearrie? "By reduding stbéaitriers
where the idata signat can benmappeddtransmission pawerstensity of thiesdatan
signal caphe incieased by that:Thus; dransmigsion poyvendensity:of the data

signgl cap he, 'é%Rttlof‘é%'}&»tQ%resga!;‘%'e%%chWQ?th@ﬂéhef qg@a’?geg%adﬂ%l

transmltted Thls technlque is described in the non-patent ocument3 for

example. [T\Ionr %Iétsenjt documen?lﬁ 3GPP TR 25814 TV?%S(f)r J’F?ﬁysmaﬂ ‘the
Layer Aspeetsfor EVolEFUTRA " Juné Z00B*B3IRI6A:patent document 2]
3GPFVHQ36NEMbgﬂ}3g@,document 1] 3GPP TR 25.814 (Vv7.0.0),
“Physical Layer Aspects for Evolved UTRA,” June 2006
15 [Non-patent document 2] 3GPP TR 36.211 (V0.3.1),
“Physical Channels and Modulation,” November 2006
[Non-patent document 3] R1-070088, Power Boosting
of Reference Signal in E-UTRA Downlink

20 DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

As mentioned above, the reference signal

is mapped to a specific subcarrier in a specific
OFDM symbol. Since channel estimation in the
25 reception side (user apparatus, typically) 1is based
on the reference signal, the mapping position has
large effects on channel estimation accuracy.
Therefore, it is necessary to properly set the
position of the subcarrier (prohibited subcarrier)
30 to which mapping of the data signal is prohibited in
response to shift of mapping position of the
reference signal in frequency direction and in
response to hopping of the reference signal in time
axis direction. However, such a mapping method is
35 not adequately studied currently.
An object of the present invention is to

provide a base station, a user apparatus and a



"Physical Channels and Modulation,” November 2006  [Non-patent
document 3] R1-070088, Power Boosting of Reference Signal in E-UTRA
Downlink 20 DISCLOSURE OF THE INVENTION PROBLEM TO BE
SOLVED BY THE INVENTION As mentioned above, the reference signal is
mapped to a specific subcarrier in a specific OFDM symbol.Since channel
estimation in the 25reception side (user apparatus, typically) is based on the
referenc@Sightad, theégrapping Pusiticrrha® fageeffects oA chanpephibited
estimatioruaccurady.rEherefdret itas necessary 4o propery set thenpasitior of
the subcarier {prehibited, subeardene30 to whichmapping ofthedata signal
is prohibited in response to shift of,mapping. pasition.of the reference signal,in
frequaenqugggﬁl%naanq In response to Q)ofoptl g o£ i 3rfeeferceencseia n§I in time
axis direction. oweg}%r, sucha mapping method is 35 no ad,equ%téily studied
currently©2n9¢s AR obfett bf e/ pfesent invention ds td'plovitfe 4 baset+on -
station, a user apparatus and a -6- method used for them for properly
placing prehibied sribsarnarssuchrthaktransmission power density of the
data signal becomes constant i terms ef times ik anext generationmobile
communication, system in 5,which . mapping positiqn. ot the reference signal ,
changes’in frequency direction and in time direction. MEANS FOR SOLVING
THE PROBE EM ABAce Stafidn Hpparatus Used'in the 10 pra&ént ihventioh'is
used in &mobilé cOrminatidBhsystem that'dses ar OFDM ScHEmE i 2
downlinktFhecbase stationvapparatus:inctudes: anafibconfigured $0 pesformn
inverse Raurier teansiorm on agsignakinawhichea-titsd signah and iassecqitk d
signal is mapped d5to;subcafriens with differgnt transmission pawes density,
and to ge lerate a trag&gni,g%ion si%nal' and a transmission unit confiquregnt

; i . neraté a transmission signad;.
transmit the trangr'nl,ssmn S|gn%fto a user apparatus.A subcarne?i&rohlblte
e

Subcarriear) H%F&P}lﬁ%b%ﬂ‘]dlnlt configured to transmit

transmission signal to a user apparatus. A

subcarrier (prohibited subcarrier) in which mapping

20 of the second signal is prohibited is determined
such that transmission power density of the second
signal 1is kept constant among a plurality of OFDM
symbols regardless of whether the first signal is
included in an OFDM symbol including the second

25 signal. The prohibited subcarrier is determined
based on a subcarrier to which the first signal 1is

mapped.

EFFECT OF THE INVENTION

30 According to the present invention,
prohibited subcarriers can be properly arranged such
that transmission power density of non-reference
signals (typically, data signal) becomes temporally
constant, in a next generation mobile communication

35 system in which mapping positions of the reference
signal changes in the frequency direction and the

time direction.



20 of the second signal is prohibited is determined such that transmission
power density of the second signal is kept constant among a plurality of
OFDM symbols regardless of whether the first signal is included in an OFDM
symbol including the second 25signal. The prohibited subcarrier is
determined based on a subcarrier to which the first signal is mapped.
EFFECT OF THE INVENTION 30According to the present invention,
prohibited subcarriers can be properly arranged such that transmission power
density of noREreferenresigrals ¢typicatlypsata sighal) becomes temporally

constant, in a next geneyation snaobile; coypmunicalipm35 systeppimwhich

mapping pogifions fthefeference signal changes in thefrequency direction
and the time direction, .-7- BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lis a diagram showﬁfg a mapping exampjlg%ﬁﬁne (S:lQ\C/)vvﬁjﬁﬁﬁ réference

signal; SOt ERY. 2 ahIBEK didbPam Showing H eonfiguration Of @mobile
communicationsysterh acedrding 6 ancerhbedintért afthe présentinverition;
Fig.3 is a schematic diagramishowinglaeeenfiguraticry ok a stubframe; EOFig.4
is a diagrasm shewing adnapping exampleof subcarriers for two OFDM

sympols; Fig5 is 4 partial black diagram showing g hase: station
apparatus according tto an embodimentf%frthg vpresent Invention; 15Fig.6A is

a block d?éig—"r%]ror%ghowmsguz}f aseban signal pré)ceost?rD}qg GRE SR the base
station apparatus acéording toart eRifodimenP oPtHe presehtventisnd 2
Fig.6B istablockidiagram showirg: detailed 20tonfiguration ef@fayendnt of
processing singof ket invention;

15 Fig.6A is a block diagram showing a
baseband signal processing unit of the base station
apparatus according to an embodiment of the present
invention;

Fig.6B is a block diagram showing detailed

20 configuration of a layer 1 processing unit of the
baseband signal processing unit;

Fig.7 is a diagram showing a mapping
example of subcarriers in the case when transmission
power density of the downlink reference signal is

25 the same as transmission power density of PDSCH;

Fig.8 is a diagram showing a mapping
example of subcarriers in the case when transmission
power density of the downlink reference signal is
greater than transmission power density of PDSCH,

30 and is a diagram showing a mapping example of
subcarriers for an OFDM symbol;

Fig.9A is a diagram showing correspondence
relationship between the number of puncturing
subcarriers and their subcarrier numbers;

35 Fig.9B is a diagram showing correspondence
relationship between the number of puncturing

subcarriers and their subcarrier numbers;



baseband signal processing unit; Fig.7 is a diagram showing a
mapping example of subcarriers in the case when transmission power
density of the downlink reference signal is 25 the same as transmission
power density of PDSCH; Fig.8 is @ diagram showing a mapping
example of subcarriers in the case when transmission power density of the
downlink reference signal is greater than transmission power density of
PDSCH, 30 and is a dfabfaftsidwingE rEpping exampte of Satvdarfiérs for
an OFDMsymbict.;of the Eigyv®Aliska dafearnstrowingrcoirespondence
relationship between the pumbersof-punciuring.subcarriess and theipondence

subcarrierumbers; 35Fia, 9B,Js a4 diagram showjng corespopdence

relatonsglgt%etwrggen t%ggnnuargbgrn %fp ncturin sgbgarnerggpgl ethg'{mb.er of

subcarrier nurﬁﬁers; . |gc.) 8elé: a |ggﬁarr’| s%%wm%a mapping
example ¢ dowrfink tefetence signal e e Fig 1698 adiagramt® +S
showing eot&spendence relationship between offset power between the

reference signal and othey.signals and dhe qicumbertafyiungturing subearters-e

(when thesystersbandwidiseMHZEset  poukig-ibis@,diagrameshowing
corrgspopdence felatignship betwgen fiset power petween the 10 reference

signal and other S|gnnal, and the number ofgung%glng subcarriers (when the

h
system Hahdwidth'is a0’ Wz??ﬁilg;?ﬁiA(i@ha aiagram Sotvﬁrﬁgband tdth is
correspontelEe telationship between offset power 15 between the reference
signal and other signa¥k; andlthe numberdokpurctubhgsubearriers (when the
system bangwidthds 20rMEz);Rigt 12E4s aodingramshonifiget power
corrgspopdenee relatianshipbetweendhe numberof AGRUNGUbRg 1, and
SUbC&WK%ggﬂQJﬁ%g%ﬂ@ kghgggggg%gesubcarriers (when the
system bandwidth is 20 MHz);
Fig.12B is a diagram showing
correspondence relationship between the number of
20 puncturing subcarriers and transmission power value
(offset value) of the reference signal;
Fig.1l3A is a partial block diagram showing
a user apparatus according to an embodiment of the
present invention; and
25 Fig.13B is a diagram showing details of

the baseband processing unit.

Description of reference signs
50 cell
30 100;, 100,, 1003, 100, user apparatus

102 transmit and receive antenna

104 amplifying unit

106 transmit and receive unit

108 baseband signal processing unit
35 110 call processing unit

112 application unit

200 base station apparatus



(offset value)of the reference signal; Fig. 13A is a partial block
diagram showing a user apparatus according to an embodiment of the
presentinvention;and 25 Fig. 13E is a diagram showing the
baseband processing unit. details of Description of reference signs  50cell
30 1001,1002,1003,i00,userapparatus 102 transmit and receive antenna

10

15

20

25

30

35

202 transmit and receive antenna

204 amplifying unit

206 transmit and receive unit

208 baseband signal processing unit

210 call processing unit

212 transmission line interface

2081 layer 1 processing unit

2082 MAC processing unit

2083 RLC processing unit

2084 subcarrier mapping determination unit
2085 DL transmission power control unit
300 access gateway apparatus

400 core network

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

Next, preferred embodiments for carrying
out the present invention are described with
reference to figures based on the following
embodiments. In all of the figures for explaining
embodiments, the same reference symbols are used for
parts having the same function, and repeated
descriptions are not given.

A mobile communication system to which the
base station apparatus of an embodiment of the
present invention is applied is described with
reference to Fig.2.

The radio communication system 1000 is a
system to which Evoled UTRA and UTRAN (Another name:
Long Term Evolution, or Super 3G) is applied, for
example. The radio communication system 1000
includes a base station apparatus (eNB: eNode B) 200
and a plurality of user apparatuses (UE: User
Equipment) 100, (100,, 100,, 1005, *++100,, n is an
integer and n>0). The base station apparatus 200 is
connected to an upper station, that is, an access
gateway apparatus 300, for example, and the access

gateway apparatus 300 is connected to a core network



104 amplifying unit 106 transmit and receive unit 108 baseband signal
processing unit 35 110call processing unit 112application unit

10

15

20

25

30

35

-10-

400. The user apparatus 100, is communicating with
the base station apparatus 200 by Evolved UTRA and
UTRAN in a cell 50.

In the following, since the user
apparatuses (100,, 100,, 1003, ---100,) have the same
configurations, functions and states, a user
apparatus 100, is described unless otherwise
mentioned. For the sake of convenience of
explanation, although the entity which communicates
with the base station apparatus by radio is the user
apparatus, it includes a mobile terminal and a fixed
terminal more generally.

The mobile communication system 1000 can
operate with a plurality of variable bandwidths. As
an example, b5MHz, 10MHz and 20MHz are prepared as
the variable bandwidths. An operator can operate
one or more bandwidths of the variable bandwidths as
system band, and in the system, a user can perform
communication using one or more resource blocks (25
resource blocks are prepared in the 5 MHz system
band, for example).

In the following, since the user
apparatuses 100, (100, 100,, 1005, +-+100,) have the
same configurations, functions and states, a user
apparatus 100, is described unless otherwise
mentioned.

As radio access schemes, the radio
communication system 1000 uses OFDM (orthogonal
frequency division multiplexing) in downlink, and
uses SC-FDMA (single carrier - frequency division
multiple access) in uplink. As mentioned above,
OFDM is a scheme in which a frequency band is
divided into a plurality of narrow frequency bands
(subcarriers) so that transmission is performed by
carrying data on each frequency band. SC-FDMA 1is a
transmission scheme that can decrease interference

among terminals by dividing a frequency band and by



200 base station apparatus -9- 202 transmit and receive antenna 204
amplifying unit 206 transmit and receive unit 208 baseband signal processing
unit 5210 call processing unit 212 transmission line interface 2081 layer 1
processing unit 2082 MAC processing unit 2083 RLC processing unit 10
2084 subcarrier mapping determination unit 2085 DL transmission power
control unit 300 access gateway apparatus 400 core network 15
PREFERREDEMBODMENTSFOR EARR YINGOBTTHEINVENTIONRRAS
Next, preferred embpddimenis forcdarndmg oot the. present invention are
described with referenge tadiguies,based endhe follawingembodiments.In all

of the figures.for explaining2Q. embodiments, the sameeigrence symhols
are ussed g%r _parts ga\clim% tgg same function, and repeated deSé:élp'[lOnS pre
bi

not given. _ A =bilé Communication Ss%tearﬁ?g Which thle Asestation
apparatus Bfanefmbodithent of the 25 prelsent nventiof is applied is €
described evithlfeferereettocHigeianne l  fFhelrddioicoramuhichtionysyistemn
1000 is adsystemmto whichriovoled AhFRA armbOTRAN (Anothemnameallong

Term Evalufion; ak Super 36) is applied, for 30 example: The dadiQ1 i nk
communipgﬁis)nﬂ%ejn 1900 ip¢ludes g base station apparatus (eNB: eNode

B) 200 and a plurality of user aQParatuses (UE: User ,
In the dplink, & physical uplink shared

channel (PUSCH) that is shared and used by each user
apparatus 100, and a control channel for LTE are
used. There are two types of uplink control

15 channels, which are a channel that is time-division
multiplexed to the physical uplink shared channel
and a channel that is frequency-multiplexed to the
physical uplink shared channel. The latter 1is
transmitted by a band specifically prepared

20 separately from the physical uplink shared channel.

In the uplink, the uplink control channel
for LTE transmits downlink quality information (CQI:
Channel Quality Indicator) and acknowledgement
information (HARQ ACK information) for

25 the physical downlink shared channel (Downlink
Shared Channel (DL-SCH) as transport channel). The
downlink quality information (CQI) is also used for
resource assignment (scheduling) of the physical
downlink shared channel, and for determining

30 transport format in adaptive modulation and coding
(AMC) .

As shown in Fig.3 as an example, one
subframe is 1 ms, for example, and one subframe
includes 14 OFDM symbols, for example. The physical

35 downlink control channel is mapped to some OFDM
symbols from the top of the one subframe. The

maximum number of the OFDM symbols to which the



Equipment) 100, (1001, 1002, 1003, -100n, n is an integer and n>0).The
base station apparatus 200 is 33connected to an upper station, that is, an
access gateway apparatus 300, for example, and the access gateway
apparatus 300 is connected to a core network 400. The user apparatus 100,
is communicating with the base station apparatus 200 by Evolved UTRA and
UTRAN in a cell 50. In the following, since the user apparatuses (1001, 1002,
1003, -100W)Hae thecsame Ponfigbfativhse fnittiohs ahd'stakss] aldset
apparatusHM@, ismdescribed unlesssotherwisehmentidned rfegnthesakesof
convenignegLf explanation: aktheugh the eptihwhich comawnicates 0pwithy
the base,station gpparatysky fa‘#'P,'SIEE%]IHI“'%aPBaE?é%@I’ itingludes 3 mahile
terminal and a fixed terminal more geperally, o, 4, Themoblle, ,
communication systerﬁ 5000 can operate With a pluralit 02f variabfe '

bandwidfhsdas 15 difeXampies sMId2 "TOMIz &vd 20MHZ8f8 Bdpatéd as
the variabrPiadwidths! ArPbpEratoreant opérate ohe orcmord bandwidths of
the variablesbandwidthstas systenrbamnd, and ivrthe sysiem] a user ganch

perform goramumication using.one.er mMoke resowse hlecks:(25:20 resousee;,
blogks ate prepared i he § Mz system band, lor examale). Indn fgllowing,
since the user apapar'atuses 00, (1001, 1002, 100_3g -100n haye the same
conflgura%%%%fﬂfun%tl%ng%%lsct%tles?%aﬂlsnéerlﬁ <5D\]|5parca1%ué—’1 00, is'deserived
unless othieRRise menfioRgd.ChT on 1 2 sl pAHiG agBBSS séhiémes the radio
communicatiohsysteratlog0 useseFam (erthogedakffequércyndivisicryH)
multiplexing)tdnowndivk i and 39nisestse-FDMA(single cawigrefreguency
division multiple access) in uplink. As meptigned ahpve, OFDM is aschema in
VWﬂdqaﬁﬁg%ggg&H%ndE%e frequency band per one resource
block is 180 kHz, and there are 12 subcarriers in
one resource block. For the sake of convenience of
explanation, a resource occupying a band of one

20 subcarrier and a period of one OFDM symbol is called
“resource element”. The number M of the resource
blocks is 25 when the system bandwidth is 5 MHz, is
50 when the system bandwidth is 10 MHz, and is 100
when the system bandwidth is 20 MHz.

25 Fig.4 shows a subcarrier mapping example
as to OFDM symbols #4 and #5 in the case of the
subframe configuration shown in Fig.3. In Fig.4,
the total number of subcarriers in one OFDM symbol
is L, and the subcarriers are numbered in ascending

30 frequency order as subcarriers #1, #2, ..., and #L.
When the system bandwidth is 5 MHz, L=300, when the
system bandwidth is 10 MHz, L=600, and when the
system bandwidth is 20 MHz, L=1200. As shown in the
figure, the downlink reference signal (DL RS) and

35 the physical downlink shared channel (PDSCH) are
mapped to subcarriers in the OFDM symbol #4. The DL

RS is transmitted at a rate of one per six



divided into a plurality of narrow frequency bands (subcarriers) so that
transmission is performed by 35 carrying data on each frequency
band.SC-FDMA is a transmission scheme that can decrease interference
among terminals by dividing a frequency band and by transmitting signals
using different frequency bands among a plurality of terminals. As mentioned
above, in the downlink, a physical downlink shared channel (PDSCH) that is

5 sharedsaritFaséd by each user apparatts 00t aRd a dowakre Eoritrol
channel forhJd are used. hewdoveniinkegcontrolichannelffof L¥ Eris €alledm: 0,
physical dpwn|ink comtrol channel (PDCCH).The physical downlink control

Channe' is also called ngplmigﬁ%falc)l&%/é ssonirol chanpel, , items In.the,
upI| sical u I| h red channel USC ) that is shared and used by
each user a%pll?slratu[?s1 1 g anda c%%lltrofoc anne ordLQ'iﬂlgslare%used e?e are

two types Bf Upfink éSnﬁlSISf{:;r ch&finels, WHichaé Sétantrtiatis control
time-divisioammakiplexeditotheshykivat upfink dhared efamiel anella channel
that is frequencyimaliplexeditodthegphysicat aptink shared ehannelil elatter

is transmitted, by axband.specificallyprepared 20sseparately fropr-thesphysical
uplink shared channel, = . .4,/ i0 the ynlink, %%HBH&'%E%%”%@W?EL‘%{

LTE transmits downlink %uallty mformatlon anne uahtg Indicator)

and acknov{/rleaaér%etn in ormatlon Kﬂb %&}gln‘f’ormarftlon %r § he

physical 8B@ATIRk sharad: Eharfel (DovnlitkSharetsChirel (Dt -SEr) s
transportccharineboThie dowmtink Guatitytinforpiatiohc@QP g alsolisebforrol
channel in one subframe. The physical downlink

15 control channel format indicator may be called
Physical Control Format Indicator Channel (PCFICH).
The control information for downlink communication,
that is, the downlink scheduling information may
include downlink resource assignment information,

20 downlink MIMO information, transmission format
information, retransmission control information and
user identification information.

The control information for downlink
communication may be called Downlink Scheduling

25 Grant or Downlink Assignment Information. The
downlink resource assignment information represents
which resource block is used for transmission of a
downlink data signal. The downlink MIMO information
includes information relating to the number of

30 streams, precoding vector and the like when
multiple-input multiple-output communication or
multi-antenna communication is performed. The
transmission format information specifies a
combination of data modulation scheme, data size and

35 channel coding scheme. The retransmission control
information (HARQ: Hybrid Automatic Repeat reQuest)

indicates information when hybrid ARQ is performed.



resource assignment (scheduling) of the physical downlink shared channel,
and for determining 30 transport format in adaptive modulation and coding
(AMC). As shown in Fig.3 as an example, one subframe is 1 ms, for
example, and one subframe includes 14 OFPM symbols, for example. The
physical 33 downlink control channel is mapped to some OFDM symbols
from the top of the one subframe. The maximum number of the OFDM
symbols & Whichtthen sTR-sghyicat 6ainfink eonteecharmiel semapped 1593
There are threeskinds:obmethadsfod avagp pingl thes physical dbwiritiak contrek
channel, yvhieh ase mappiag 10 asQEPM symbeh#1 cmapping to OFDM

symbols #1 and R#2, @gqlgmpingﬁggfa[g%eyr@ggls@l #2.and #3.In Fia.3,
the %hysmal downllnk control chann s ma ged o two OFDM s mbols (#1

#2) of the? ) of the one sugﬁgme en in srerr?tc)) 515 56 W |€hlﬁ1n et
physical 40WMTiAR chitrol ERERTENIS ?130?%Wtiol&ﬁ%\fé‘@@h%?(physmal
downlinkshaped Ehannel PDSTH asca physieal cdmiel2DLCSCH as a
transportteharnel)s aisynchserizatiom channel(S&GH ot synchrosization

signal), a; broadcast-channel (BER)orthelikess trapsmittegd-n the frequency
13(%!'69“'%{'}4'&%?&9%%9 blocks (RE) f’”% J%el% red.As an example, the

frequenc C?n Rer one resource e block is 180 kHz, and there are 12
subcarriers i ohe Yesodrte BIOER “Forthe sake 8F convenil_”ence gprmand
explanatfbh‘,:a resource occupying a band of one 20 subcarrier and a period
of one OFDM symbol ishcalled"regouree @lement'sEhenumber M obthent ion
resourceiblacks:ise25 wihetthesysteradbanowidthiis 3:Hz, 4% 50 wihken the

system h@gslﬂmqithdgtm MHz, andds 100 when.thesystem handwidthis20-

MHz. 25Fi %g\ys a s%bcarrl %nsapéplré% exam tlelgre tgtOFDglﬁy}L?;letﬁg

and #5 in t e case of the Subframe conflguratlon shown In Fig

total nunfBErbr8UbRAr e T ohe BEDM s9mbol s L4t the SW5carrers are
numberediRdeendnty 3offequiency orderas subtariers #1, %2 ..., and #L.
When the systema bandwidthtis & Métze d=300; when<thesystem bamdwidth is
10®@HZ,L§@QQa68§VWMﬂtﬂEignal is used for the reference
signal. The transmission power control information
indicates how much transmission power of the
physical uplink shared channel is different from
transmission power of sounding reference signal.

25 The above-mentioned uplink resource assignment
information, transmission format information,
information of demodulation reference signal and
transmission power control information are
collectively called Uplink Scheduling Grant.

30 The acknowledgement information
(ACK/NACK) indicates whether data transmitted from
the user apparatus in the uplink in the past was
properly received by the base station. The
acknowledgement information (ACK/NACK) for

35 uplink may be called Physical Hybrid ARQ Indicator
Channel (PHICH). The overload indicator is reported

to neighbor cells when other cell interference due



system bandwidth is 20 MHz, L=1200.As shown in the figure, the downlink
reference signal (DL RS) and 33the physical downlink shared channel
(PDSCH) are mapped to subcarriers in the OFDM symbol #4.The DL RS is
transmitted at a rate of one per six -13- subcarriers.In Fig.4, the DL RS is
mapped to subcarriers of subcarrier numbers of 6 x m + 1 (m: 0, Next, an
outline of information items that may be included in the physical downlink
control chanmeélds dereabed. Thespi/sical dowriink cortret eAanael may
include physitat downlirki contralkchanhetformat indi¢cator, cantral information
for downlink cemimunication which issgawalink sefredilingstOintormation: o
and/or contrgl informatian far.yplink communication The physical downlink,

control chann%lc}‘cfrrgat |nd|cc?\t%r. |nd|lcna(§§s gr%?érsthg né"tm%%rx%f rrg%cgls ies sion

occupiedck%r/l%he phys?lf:ﬂglacrl]ownlllni control channel in one subframe.

physical 8oWnfink 43 %¢bntrot Chaniél format fiticator My bé cated Physical
Control Foratatiadicatbr Clranriél {PTHCH) PPhe Tontrokinforhation for
downlinkicomewsication, thatds dhedownlink:scheduting informatien may
include downlink resourge assignment infarmation, 20-4awnlinkMIMO,
infqrmation, fransmission. format information retransmission.gontrol
information and user identification information, The control
information 6 g%v%ﬁnl%‘c%mlﬁ%ﬁiegﬁor? Irlndaytgé% c%t &4 Downlink 's€heduling
23 GrantSt'DéwnlinkC Assignntert IAfOYmatibn The 86WARAK résoureé
assignmentinformationwe predents which: resource blockig used foe
transmissieniofaddawnbink data-signal. dihesdewnlirk MMEOL information

includes informatian relating dq the, number;of 30.streamsrareceding.vectar
and the like when multiple-input multiple-output communication or

multi-antenna communication is performed.The
The base station apparatus 200 of the

embodiment of the present invention is described
with reference to Fig.5.

20 The base station apparatus 200 of the
present embodiment includes a transmit and receive
antenna 202, an amplifier unit 204, a transmit and
receive unit 206, a baseband signal processing unit
208, a call processing unit 210, and a transmission

25 line interface 212.

Packet data to be transmitted from the
base station apparatus 200 to the user apparatus
100, in the downlink is input to the baseband signal
processing unit 208 from an upper station placed in

30 the upper layer of the base station apparatus 200,
that is, from an access gateway apparatus 300, for
example, via the transmission line interface 212.

The baseband signal processing unit 208
performs segmentation processing and
concatenation processing for packet data,

35 transmission processing in the RLC layer such as
transmission processing of RLC (radio link control)

retransmission control, and



transmission format information specifies a combination of data modulation
scheme, data size and 33 channel coding schema. The retransmission
control information (HARQ: Hybrid Automatic Repeat reQuest) indicates
information when hybrid ARQ is performed, -14- The retransmission control
information may include process number, new data indicator, and the number
of times of retransmission sequence. Control information for uplink
communiéationfray iicldde apink fesoiree asSighmemtinforAtatiphntrol
transmissiondermatinformation deMadulation réferendessignakinferanation,
transmissiog-powerscanteol infermation cuserddentification information; ve
acknowleggment,L0infosmation (ACK/NAGK). far uplipk, qverload. indicator,

and fransmission power Eo@t“}'o omm 19 'Iége yplink resource assignment
informatibn indicates which re_sourcentc)'locl%1 IS avaif‘arﬁe for1s upﬁnk aat_a J
transmis§ibn THE trafiSMissidn fsmatirfotmation Epetiied’a combiiation of
data modulatio Sckhemhel date size ‘dnceelvanriel Todig schemeé tsedform
uplink commanmnication. Thesinfameationzof the demodulatien seference signal

20indicates what signalis diseg:for thes refgrancecsignal. Jbedransmission
power coniral Inforypation indicates now mygh;transmission hower of the
physical gglmklsh%red channe |shd|ffer(-‘f-Lnt from trans(gmssmn ower ofbf
sounding reférence signal” 3 The"absve-mentioned upﬁﬁﬁ résourcs 0TS
assignmérCinfsiatiohs transmission formiat iRformistion, fiformatioh of
demodulation: referetcesighakand tiamspiission povwiercontrot infoemation

are collectively ealled UplinkSchedtding {orant.e3@thenacknrewledgepiest
"ﬁqgmaﬂﬁﬁwer control for the physical downlink control
channel and the physical downlink shared channel,
and the like.
The transmit and receive unit 206 performs
frequency conversion processing for converting the
20 baseband signal output from the baseband signal
processing unit 208 into a radio frequency band.
After that, the radio frequency signal is amplified
by the amplifier unit 204 so that the signal is
transmitted by the transmit and receive antenna 202.
25 On the other hand, as to data to be
transmitted from the user apparatus 100, to the base
station apparatus 200 in the uplink, a radio
frequency signal received by the transmit and
receive antenna 202 is amplified by the
30 amplification unit 204, and is frequency-converted
by the transmit and receive unit 206 so that the
signal is converted to a baseband signal, and the
baseband signal is input into the baseband signal
processing unit 208.
35 The baseband signal processing unit 208
performs FFT processing, IDFT processing, error

correction decoding, reception processing of MAC



(ACK/NACK) indicates whether data transmitted from the user apparatus in
the uplink in the past was properly received by the base station.The
acknowledgement information (ACK/NACK) for 33 uplink may be called
Physical Hybrid ARQ Indicator Channel (PHICH).The overload indicator is
reported to neighbor cells when other cell interference due -15- to user
apparatuses of other cell exceeds a predetermined value. The report is a
signal reg@éstitpinesisaraparatislof thecstRer eell /5 rsdiceitfansthission
power.ThHextransmissiam powep contrekedrmmiand bit #idicatesthatnexte
transmission pawersofdhersounding referancersignalperiadically-tsansmitted

from the yser apparatus should e increased, or decreased from the current
valug. Thie Qh)ﬁjcal %r}llnk control channel 10 format indicator,

acknowle(fgrﬁentai%?ormatibn (ACK/NACK) for uplink, and the transmission

power control commarid'Bit tiay nBf BE Ficlddéed i'the physi€a dawihkc 1t
control chRankels and may be definedtasea differehe physiedl channel 15 which
is parallet tamthenphysicaldewnlinlecontrel:channeht of stdhe haSetstation

apparatus200-0fthe-ersbadimgnt of the present nventionds deseribed with
reference to Fig.5. 20The bage statjon.apparatys 200 of Ie ESent ; o,

embodiment includes a tra,nsmlfg nd receive antenna 202, an amplifier unit

204, a tr&NSHiit and recéive uriit 206 °a bad&hand Sighal procéssing tnit 208,

a call pro%é%si% ‘unit 210, and a transmission 25line interface 212. Packet
data to be transmitted Tiom the base statiomapparates 200110 the user 08
apparatusnl0;dr the downdink is inpoit to; thenbaseliand signal pracessing

unit 208 fraanan vpper stadionplaced jn 304he dippes layerofthe basgn ric
station aB@%ratus 200, that is,%‘ an_access %atewaymaa&palr%tus 300, for

cessIng’ unit 'Z| ./ rier
example, via the transmission line interface 21 e baseband

signal proE&Ssifg URlt2U8 Bérférms Eégmehtatforl procedBing aivd °» Pover

concaterfatiohprocessing 46 packet data, 35 transmission processing in the

RLC layer such as trarigmissioreprocessingesf-RbC (radio link €ontro)e MAC

retransmissiore eentigl, @dt 2082, the subcarrier mapping
determination unit 2084, and the DL transmission
power control unit 2085 in the baseband signal
processing unit 208, and the call processing unit
210 are connected with each other.

25 The layer 1 processing unit 2081 performs
channel coding and IFFT processing for data
transmitted by downlink, and performs channel
decoding, IDFT processing and FFT processing and the
like for data transmitted by the uplink. The layer

30 1 processing unit 2081 maps information of the
physical downlink control channel and the physical
downlink shared channel to subcarriers based on
subcarrier information reported from the subcarrier
mapping determination unit 2084. In an OFDM symbol

35 where DL RS is transmitted, the DL RS is mapped to
predetermined subcarriers.

Processing in the layer 1 processing unit



-16- MAC (Medium Access Control) retransmission control processing, and
the like, so that the processed signal is transferred to the transmit and
receive unit 206. Processing in the baseband signal 3 processing unit 208
includes transmission processing of HARQ, scheduling, transmission format
selection, channel coding, and inverse fast Fourier transform (IFFT) and the
like.As mentioned later, the baseband signal processing unit 208 determines
the 10 nuhBér 6POFDM 'sipiisols 16 which tHeyphysiéalddovilinkcortrdir o L
channel ishmaappéd foheacth subframed and perforatsamagppirigrofthe physical
downlinktcontrol channelandithe-physieal-downlinkshared channekto

subcarriers . and performs, fransmission, 13 peyer centrol for the physicak
downlink control chanr}%leanld the physical downlink shargd g@gfmglﬁgﬂo{gg

like. The transmit and receiveé tnit 2 _ 6&?&%% rgqﬁgﬁcy conversion
processifig f6r-Corverting the 26 baseband Signal Gitpat frém 1R Taseband
signal preéessing Unit208ints aradivifred$eioy BAsd.4After that, the radiong
frequencyrsignalis amptified by the amplifiercunit2@4 sodhatthetsignalfisrm
transmittgd by therransmib and receive antenna- 202 2300 the @thelhand,

as {0 data 4g be transmitted from the user apparatus 100, 1o the hase station
apparatugo%olollg thelggllnk, a radio freque signal received by the transmit

nc I
and recefve antehna 202" isré%rﬁﬁﬁfleenac Sy the’ ﬁém%%ﬂggt?&ﬁ ﬁﬁit%ﬁ,t and is
frequencytohiérted by the transmit and receive unit 206 so that the signal is
converted to a basebahdssigndla and dhe baseband sigral is input iitd 2he
baseband:signal g oeessing 208 88T he, basehansd sigaaliproeessing unit

208 performs bEd, proggssing . IRET PEQGRSSING €M, The reference
signal generation unit 208114 includes a multiplier
208114A and a multiplier 208114B.

The data signal processing unit 208102
performs processing for data signals transmitted in
20 the downlink. The encoder 208102A performs channel
coding for enhancing error tolerance for the data
signal. Encoding may be performed using various
methods such as convolution coding and Turbo coding
and the like which are well known in the technical
25 field. In the present embodiment, adaptive
modulation and coding (AMC) control is performed for
data signals, and channel coding rate is adaptively
changed according to an instruction from the MAC
processing unit 2082. The data modulator 208102B
30 performs data modulation for data signals using a
proper modulation scheme such as QPSK, 16 QAM and 64
QAM. In the present embodiment, AMC control is
performed for data signals, and modulation scheme 1is
adaptively changed according to an instruction from
35 the MAC processing unit 2082. The interleaver
208102C permutes arranging order of bits included in

the data signal according to a predetermined pattern.



correction decoding, reception processing of MAC - 1 7 - retransmission
control, reception processing of RLC laver for the input baseband signal, so
that the processed signal is transferred to the access gateway apparatus 300
via the transmission line 3interface 212. _,,_  The call processing unit 210
performs call processing such as setup or release of a communication
channel, management of state of the radio base station 200, and resource
assignment. 10 The ceifigliationof the Baseband sigridt pfecsssiag upftow
208 is described with referenceftorFigd®Arol charnbhe baseband sighad
processing Wit 208 includes alayes 1-procgssing pnitc208L, &y MAG
2053, 2 Subencor maBpIng A mation vt 2084 A & DL, Hazemssion

: i [ ination uni : issi
ower oL PR 20 THE T Gt codhing sk S0B1. TREMAL 20
processifng Uit 2082 &' §dbcarrier mapping determination unit 2084, and
the DL transmission pdWwer eertréllurmie 2083 ¢ thecbaselsard: sighalk  (S/P)
processing 8nit208; andrthe callqprocessing amit12 1-0-are=cornectied avith)
each other25Therlayer 1 progessing dkit208sperforms channel ceging and

IFRprogessing for data transmife: A doynlink, and.perfarms ghannel
decoding, IDFT processmﬁqand FT%)roc%ssm%and the like for data

transmitted By the Uplink. THE 1ay&F 301 procésaing Uhit 2081 maps

information of the physie&l doWnlidk Ertfel chahnel ¥Hd the phySieal
downlinkshiared chanpektolsulscagrars=hasedion subcarier rformation
reported fromm the stubearrier mapping determinatien anit2084dian ©FHM
symbol 33 whergsDk )RS ds renstpitted.dhe Dle RS- isimapped a1 .
predeterpined syhcarriers, Frogessing in the layer 1 processingunit ;.
multiplexing, frequency multiplexing, time and
frequency multiplexing. In addition to the data
sequence and the reference signal, a broadcast
20 channel may be multiplexed. The multiplexing unit
(MUX) 208106 receives mapping information of the
reference signal, the physical downlink control
channel and the physical downlink shared channel of
the subframe from the subcarrier mapping
25 determination unit 2084, so that the multiplexing
unit (MUX) 208106 multiplexes the data sequence and
the reference signal based on the mapping
information. That is, the multiplexing unit (MUX)
208106 maps the data sequence and the reference
30 signal to the subcarrier based on the mapping
information. The mapping information of the
reference signal, the physical downlink control
channel and the physical downlink shared channel
includes information of after-mentioned DTX
35 subcarrier. That is, the multiplexing unit (MUX)
208106 does not map any signal in the DTX subcarrier.

The inverse fast Fourier transform unit



2081 for multiplexing the physical downlink control channel, the physical
downlink shared channel and the DL RS, and mapping them to subcarriers is
described in more detail with reference to Fig.6B. 3The layer 1 processing
unit 2081 includes a data signal processing,ynit 208102, a serial parallel
conversion unit (S/P) 20814, a multiplexing unit (MUX) 20816, an inverse fast
Fourier transform unit (IFFT) 20818, a cyclic prefix (CP) adding unit 10
208110, aldigital atiaidd eoReeErsroanit (DAX)SZ0SHIL, drfeld reference signal
generatiomrenit 208414n an inphhe datasignabprocessing uniti20812 on
includes an encoder208102Ana data modulator 13 208102E, and an

interleaver 2081020. The. reference signal genesation ynit 208114 includes a
multiplier 208114A and a multiplier 2081148 '

.tran symldo adding C lilhgcg%%§€£€%) to
processing unit 208102 pérforns processing for data S|gna]fs ransmitted in
20 the d&NﬁIYﬁT&?@r%é“k?ﬁg’dtPetr% V2R Ferféris ERARAE codingFor 2+ €
enhancingrerrértoterante $6r thendatassignalc Eneodingamay be perforpied t
using vareus arethods: such as«convelutioneccoding and kurbo coding and the

like which are well knowinithe;teshnicah 25fieldo Inthespresent.embogiment,
adapfive mpodylation and coding (AMG).Gontrol Is perfouned 19r data signals,

and channel odlng'rate is adaptively changed according to an instruction
from the M&Cfop%cel INg Gnit 2082. The data modulator 208102B 30
performs data modulafiéit foredatasigirals tsity a proférmbdtilativh'scheme
such as QPSK, 4 6nQKM ahtke64 QAM L rrthecpreseatembodiment AMC
control iscperdorsed fordatarsignals,sand maditatiornysehierae dsadaptively

changed aceordipg 10 andastryetion from 33thesMAC processing Wiitiuence
2082.Thet interleaverGZQC%mZO ermuteg arranr%itrig order of bits included in

the data s%n%fggggrdmg fo éeprg, etermined pattern. -19- By the way,

although Fig. 6B does Hot 3A0W prodess Efemaststol cBhtGFERaniveIs
processirng $imitatd thaPofdatassigRalroeessing Unit2eSE0 isysetformed
also for comtrol thaprelsuHoweverAMC pomteal may sot heqeerfarnred for
cortrol chamrelsrier) of a subcarrier to which the physical

downlink control channel and the physical downlink
shared channel are mapped based on transmission
power information reported from the DL transmission
power control unit 2085. Further, the layer 1

25 processing unit 2081 sets transmission power of a
subcarrier to which the DL RS is mapped. The
transmission power of the subcarrier to which the DL
RS is mapped may be set by being signaled from an
upper node, or may be set by referring to a value

30 stored in the base station apparatus 200 as a
parameter.

The MAC processing unit 2082 performs
downlink data MAC retransmission control such as
HARQ transmission processing, scheduling, selection

35 of transmission format, assignment of frequency
resources, and the like. The scheduling indicates

processing for selecting a user apparatus which



The serial parallel conversion unit (SIP) 208104 converts a serial signal
seqguence (stream) into parallel signal sequences.The number of 10 parallel
signal sequences may be determined according to the number of subcarriers.
The multiplexing unit (MUX) 208106 multiplexes a data sequence which
represent an output signal from the serial parallel conversion 13unit (S/P)
208104 with the reference signal. Multiplexing can be performed in any
scheme 8FtifheTRaltipridnd, fedquencyanatiptexing, thite ehelfieguericyr ed
multiplexing: imaddition to ¢he dafa seguenceand:themeferenee signal, a
broadcast 20-¢hannel may bednultiplexedsFhe multiplexing:unit(MJIX)
208106 recelyesimappingAgformation of the reference signal, the;physical

downlink coTtro channeg atngathgngh sical denlln shared annel of the

subframe from the subcarrier m Iffglng fgdetermlnatlon unit §854 so that the

multiplexitig GRE MUY So80E MtitiglexeS e Gata’sedtitiice ditd thernd 2
referencelsighat based on thedappingdnformatioRsT Hatds, the trhakliptexingd: e
unit (MUX} 208106 anaps: thesdatacseguencetard thenreference .30 signal to

the subcauies hasedon the;mapping.isnfermation, The.mapping information of
the,reference signal, the physical downlink control channel and tQﬁ @%‘Ca'

downlink shared channel includes |nformat|on of after-mentioned
33subcaffiet That i is, the mul?pf&?ﬁﬂg uni (N@% 208106 does rl18t map any
signal in te BT SUBCHIFIBE “The*iverse st Folirier fransfeHeamY

resources indicates processing for determining
resource blocks (RB) used for transmitting a data
15 signal to the user apparatus selected in the
scheduling. The determination of the resource
blocks is performed based on CQI reported from the
user apparatus in the uplink, for example.
In addition, the MAC processing unit 2082
20 performs reception processing of MAC retransmission
control for uplink data, scheduling, selection of
transmission format, assignment of frequency
resources and the like.
The RLC processing unit 2083 performs
25 segmentation/concatenation, transmission processing
in RLC layer such as transmission processing of RLC
retransmission control and the like for downlink
packet data, and performs dividing/combining,
reception processing of RLC layer such as reception
30 processing of RLC retransmission control and the
like for uplink data. In addition, the RLC
processing unit 2083 may perform PDCP layer
processing in uplink and downlink.
The subcarrier mapping determination unit
35 2084 determines subcarriers to which the physical
downlink shared channel (PDSCH) is mapped for each

subframe. The determined subcarrier number to which



-20- (IFFT) 208108 performs inverse fast Fourier transform, on an input
signal to perform modulation of the OFDM scheme. The CF adding
unit 208110 generates a transmission symbol by adding Cyclic Prefix (CF) to
a symbol modulated by the OFDM scheme,There are two types of CF lengths
which are Long CF and Short CF, and one of them is selected for each cell.
The digital analog conversion unit (D/A) 10208112 converts a baseband
digital sigital $htocditai&ieg sigisall TheFefFenée sigriat generationtitit
208114 multipties apeference signal by & feridom codesequenace which is a
first sequencerand anl3 orthogonal code sequence which is a second

sequence to prepare the refgrgnee signal. |n.addition; the Jayer 1 processing

unit gOSJ2 %tg _tgatnosmlssmn power (transmission power densngh per untltiband

res a, memor marlqQn re sentin
or power density per one 20 subcarrler)yéf a subcarrier to whi e phys@al

downlink Contfot CRARRBFENd e phySic A dowRimid siared ctarfitel Argoer s
mapped baséd onirdirsiisSibnspewer inforardtion repottgdefrometheiDped
transmissioR poavkeracanitrol 4initri2083 Eurher; dhe layerili2bqrecessing unit

2081 setg dransmissionpoyerefa subecarrier 1o which, the-DE RS isied from

mapped.The transmission:powen, of the, subcayrier towhich the RL RS i
mapped maé}/mbi set %% being S|%1naled from an ggpgreTode, or m}g&/ be set by
asa

referring 6 2VAlGE 303foréd In 176 bass Statioh appara‘fﬁsl 200 are

parametéis S T 1bedrHeC prddessirg tifit 2082 erfotms dowAlink Gata
MAC retrahsmission control such as HARQ transmission processing,
scheduling, selection 33,0t transmissien foymat sassigament obfrequeneyo 1

respyrcegqand the like. Thescheduling indicates progessing for-selgeting 8
userapp%ﬁgggwgﬁghdownlink reference signal and the physical
downlink shared channel (PDSCH) are mapped, and
OFDM symbol #5 is presented as an example of an OFDM
symbol to which only the physical downlink shared
20 channel (PDSCH) is mapped. Similar explanation 1is
applied to other OFDM symbols to which the downlink
reference signal and the physical downlink shared
channel (PDSCH) are mapped, and other OFDM symbols
to which only the physical downlink shared channel
25 (PDSCH) is mapped.

Fig.7 shows a subcarrier mapping example
of an OFDM symbol (OFDM symbol #4) to which the
downlink reference signal and the physical downlink
shared channel (PDSCH) are mapped, and an OFDM

30 symbol (OFDM symbol #5) to which only the physical
downlink shared channel (PDSCH) is mapped. In this
example, transmission power per one subcarrier of
the downlink reference signal is the same as
transmission power per one subcarrier of the

35 physical downlink shared channel (PDSCH).

In this case, even though a part of
subcarriers, in the OFDM symbol #4, where the DL RS



-21- performs data signal transmission by using a shared channel in the
subframe.For example, as an algorithm for the selection, round robin or
proportional fairness may be used.In addition, 5 selection of transmission
format indicates determining a modulation scheme, a coding rate and a data
size for a data signal to be transmitted to the user apparatus selected by the
scheduling.The determination of the modulation scheme, the coding 10 rate
and the ddta’stze iBypErfornfebased satCOPtH is reported fiom the uderch
apparatusanithe aiptink sFyrthier; assignmerit 0f the frequenoy reéscurces
indicateserpsessing fondetermining resowrecedlacks,(RB)-usedifarm1 ink
transmittinig.a data 13 signal (g the yser apparatus selected in the schedyling.

The %eter@natlon of the resource blocks is gerformed based on CQI .
e as ran we,

reported from tﬁ%mueser apparatffgllﬁ the rlljp]ﬁnk, for %%m%fee. Iﬁuéadpdaftlgnl,etﬁe()f
MAC proceSsifg{init2d82' 20 petformis receptich processing of MAcn the
retransmissidh egntrollfof bplink data, seheduling) Setectiontdfaranismission

format, assignment=of fieguencydesourtessand: thetliken TheiRLEO@rocessing
unit 2083, perferms 25segmentation/concatenration, fransmissionprecessing

in RLC layer such gs, transmission progessing of RL.G 1 ?H?Bﬁm'é%gd«%% ¢contpol
and the likefor downllnl%)aéket data, and performs d|V|d|ngU/com |
L

ning,
. . 2y shows S bcar¥¢er‘§mp 1in .exagﬁ&&
reception processing of Iayer such as reception 3 processing o

retransmissior cORtrdl andiitfellike fortiphinkdata. it adarior? #d REES
processing unit 2083rmayperforns PDCR |layet proeessing irraplinloand ink
downlinks Thesubentigrdnappingadsteenimatiopdsit, 332084 determines

subearriers g shigh the:pbysisah dowhlink sharegichanngl (RRSGH)d$ ca 1
mapped for ealch iubsf{jame. Th deter{niqlggg&pcarrier numb%r' to WﬂilchEhiS

ownlin ared channe ) 1S mappe
example, transmission power of the downlink
reference signal per one subcarrier is 3dB greater
than (twice as large as) transmission power of the
20 physical downlink shared channel (PDSCH) per one
subcarrier.
In this case, a part of subcarriers in the
OFDM symbol #4 to which DL RS is not mapped is set
to be subcarriers where mapping of any data is
25 prohibited, so that transmission power of the
physical downlink shared channel (PDSCH) per one
subcarrier in the OFDM symbol #4 is set to be the
same as the transmission power of the physical
downlink shared channel (PDSCH) per one subcarrier
30 in the OFDM symbol #5. That is, as shown in the
figure, the subcarrier mapping determination unit
2084 sets subcarriers to which any of the downlink
reference signal (DLRS) and the physical downlink
shared channel (PDSCH) is not mapped.
35 For example, in the figure, subcarriers of
6 x n + 2 (n is an integer equal to or greater than

0) become the subcarriers to which any of the



-22- PDSCH and the like is mapped is reported to the layer 1 processing unit
2081 as subcarrier information. The subcarrier mapping
determination unit 2084 stores, in a memory, information representing
correspondence relationship among subcagier numbers of the reference
signal, number of after-mentioned DTX subcarriers and the subcarrier
numbers (alternatively, the information may be provided from 10other
processifg elemetit a8 hetessary ) Coneteté dxamplesdortthe physical
correspondende neélationskip areadesctibedlater withsreferencerdodig.9A ane

the like. lnthefollowingdgsasiption; ORDMsysnbel k344 is presented as;ian
example of an-QF DM symbak o phich the downiie teference signakand the:
physical downink shared channel (PDSGH) are mapped, and QEDM symbol
#5is preseﬁ’ted as an example of an OFD sym%o to which on y the
physical HO&nliRK SRared 2BchHanmd (PDSEH) is MApped: Simitat &xXplardtion
is applied & ottfer ©Fam Syimibols tohict threrdownlink referaree digaal and
the physicat downlink sharetbehanneh RDS&H ) paresmapped handsothetrrier .
OFDM symbelsite,which oniv, the physical-dewnlinkssharedichannel

23(FPSCH) is.mapped. Ficr, 7 shows a subgarrier mapping example of an
OFDM symbol (OFDM aﬁvﬁr{}bo}{#g%go which the downlink reference signal and

the phys A¥ 3oWhNnK SKared’ channeﬁe(i%D@éﬂ?%%e rlnsapnb%%?%%dtéan FDM
30 symbEMOFPDIM-§ymbBFA3) o whieA lonly the’ pRysieaIddvinifik shared
channel (PDSCTH)lis mapped: nkthisséxamples trahsnidsion powe mparore.
subcarrierofithe donmiinkyeferenge signat issthessajae asdransmissigiared
power perong,subcager of the33 pbysical downlink;shared.channel
(PDSCH) In this case, eyen thoygh g-part of subcartiers, In the
OFDM symbol #4, where the DL R g-z%- _ | /
result, the number of subcarriers in the OFDM symbol
#4 in Fig.8 where PDSCH is mapped becomes less than
the number of subcarriers in the OFDM symbol #4
20 where downlink PDSCH is mapped in Fig.7. Instead,
when total transmission power assigned per one OFDM
symbol is the same between Figs.7 and 8,
transmission power density of the physical downlink
shared channel can be set to be the same in any OFDM
25 symbol (#4 in Fig.7, #4 and #5 in Fig.8) (however,
the reference signal 1is transmitted with greater
power than that of other signals).
More detailed description is given as
follows. It is assumed that the maximum
30 transmission power of the base station is 20 W and
that the number of all subcarriers in one OFDM
symbol is 300. At this time, assuming that
transmission power of each subcarrier is the same,
transmission power Pgyupcarrier PEr one subcarrier is
35 represented as follows.
Psubcarrier = 20/300 = 0.066666 (W)

It is assumed that 50 DTX subcarriers and 50



is not mapped are not set to be subcarriers in which mapping of any data is
prohibited, transmission power per one subcarrier of the physical downlink
shared channel (PDSCH) in the OFDM symbol #4 becomes 5 the same as
transmission power per one subcarrier of thg physical downlink shared
channel (PDSCH) in the OFDM symbol #5. That is, as shown in the figure,
the subcarrier mapping determination unit 2084 can map PDSCH to all
subcarriers k6 whict fite feferéiceRt0sigRalDIPRS) 4s nbt fappedli thalol
OFDM symbol #4dFigt8&: showsressubcarner mapping exampie- obar OFDM
symbol (©HERM:symbol #4) tawhich the dewnlink +reference signab and1be 3
physical downlink shared.channel (PRSGH),ate mapped, and anOFDM 1,
SoymbouSECN Yo 9 o utich only e pityeical commink hared., oo
channel EC?—PS IS mappe -in this examp e,%r INsMission power of the
downlink 7eférente Sigival er otie SUbdatREFs 3dE grebtel thah (twict’as
large as)tfdriismissionlgowerof thei2G physieabdewalink sharfed chavvel of
(PDSCH}perene sabeamsierthe DL HA thiscCasee amparbef-sulicarmiars in the
OFDM symbek#4 te which-Dk. RSds netmapped isiset 4o be-subcarrders 1n

where mapping of any data js ao prohinited, §9§Q§E¥§B§m§&i&'} power of
the physg: downlink stgare ch%nr%)%s(gg)S.CH per one su g%gle&%ﬁ?e
e

OFDM syrlﬁ of #4 }sege_t to be the same as the _raﬁgr(ﬁlssmn power o
physical 88Wnfink Shared ERENITETPDSCAY per BAé Subeatier 3irrthe =
OFDM symbob#3. Thab isy asishown in-tive figliné, thensubcarderrapping as
determination ainit.2084 sets subcarriers to which any of the downlink
reference signal (DLRS) and, the physical-downlinkoshared changek (PDSCH)

is not mapped. 33For gxample, in the figure, subgarriers of X n.%.2 (0 ig.an

nteger egual to,or greater e, 0) become tie syhcarters to which, any of the

(1)

is not mapped, and PDSCH is mapped to all

subcarriers. Therefore, assuming that transmission
20 power of each subcarrier to which PDSCH is mapped in

the OFDM symbol #5 is the same, transmission power

(2)

Psubcarrier per one subcarrier in the OFDM symbol #5

becomes as follows.

Psubcarrier - = Psubcarrier = 20/300 = 0.066666

25 That is, when PDSCH is mapped to two OFDM symbols,
transmission power (density) of PDSCH in the first
OFDM symbol #4 can be set to be the same as
transmission power (density) of PDSCH in the
following OFDM symbol #5. That is, when the number

30 of OFDM symbols to which PDSCH is mapped is two or
more, by decreasing the number of subcarriers (by
setting DTX subcarriers) to which PDSCH is mapped in
the OFDM symbol #4 in which the DL RS is transmitted,
transmission power density of PDSCH can be kept

35 constant in any OFDM symbols, so that amplitude
estimation accuracy can be improved.

Next, i1t is described in more detail how



downlink reference signal (DLRS) and the physical downlink shared channel
(PDSCH) is not mapped.The subcarrier may be called "prohibited subcarrier"
in the sense that mapping of any data is prohibited, or 3 may be called
"puncturing subcarrier" in the sense that pupcturing is performed.Or, the
subcarrier may be called "DTX subcarrier” in the sense that data transmission
is not performed by the subcarrier. That is, no signal is transmitted by the
DTX 10stibeariief STRERSINThEORDM Syrhbe| #4 Xheptysical eosvritink
shared chappelds mapped-tola subcarrier, Whigh isinotthe DI Xrsubcearriee, to
which the dewndink seference signahissreianapped.dothe LEPM; symbol #3,

the physical downlink shared.13 ehannel RPSCH js-mapped 9 LVelh i neq
subc rher. v OPy provgjllr% éhe DE'Z gl%bcasrggr,sa a resulltértrsle ny(gq:ber
of subcarriers in thé OFD sym ol #41n %lgé where |}} StH s mapped
become<e38RAGN the RGBTt oF stiBearriers it OEDIM Syitsal #4°20
where dovrilink RPOOCH fis neapFedincFigl7 . IAasteakl> whehstotal transatission
power assignedsperere QFDMiSymbol is the same between Figs.7 and 8,
transmissiop power density of the physical downlink shared channel can be

setig be fhe same.inany OF DY 25symbal (¢4 0 Fig.7,44 200 43 IE08)..
(howeve%ﬁhe r%ference S|9nal S transml%ted wi hfgrea er oweﬁhan thgtt of
other signafs). ~* "*"iMoré detailed description is given as folfows.At'is °
assumedPthat thé niEximunt 30transmisSion poWeér st tAe base stitior fs 20
W and thé¢ slver hbathet of @llssubeamiersin ohes®@FDM symbol is 300. At this
time, asstuning dhattsansmission-pawern of eaatvsubcartsiet is thieesame,i mum
transmissigniRowerPs Hbeguies paroness uhcawier ds. 33epresented asy o
follows. Psubcanier =,20/300, 0.066666 (W).Itis.asstmed fat 50 DT ..

subcarriers'and 50 . . .
to subcarriers other than subcarriers to which the

reference signal is mapped. As mentioned later, the
puncturing subcarrier may be included.

20 The transmission power per one subcarrier
(transmission power density per unit band) of the
physical downlink shared channel (PDSCH) is set to
be a predetermined value regardless of whether the
downlink reference signal is mapped in the OFDM

25 symbol to which PDSCH is mapped. The predetermined
value is the same as the transmission power density
in the case where the base station performs
transmission with maximum transmission power (rated
power) and power 1is evenly distributed in all

30 subcarriers in the system band. Therefore, in the
OFDM symbol in which the downlink reference signal
is transmitted, subcarriers to which PDSCH can be
mapped are reduced according to transmission power
density of the downlink reference signal (Offset

35 value with respect to other signal). In other words,
prohibited subcarrier (DRX subcarrier or puncturing

subcarrier) to which mapping of PDSCH is prohibited



-25- subcarriers for DL RS are prepared in the OFDM smbol # 4, and that
transmission power PDLRS per one subcarrier of the DL RS is
PDLRs=2x0.066666=0.133333 (W). In this case, the number of subcarriers in
the 3 OFDM symbol #4 to which the physical downlink shared channel
(PDSCH) can be mapped is 300-50-50 = 200. This calculation indicates
subtracting the number of subcarriers of the DL RS and the number of DTX
subcarriers fio the number of all subcarriers.In 10 this case, assuming that
transmission power of eachtsubcarier-toanhichrRDSExkisorhapped in the

OFDM symbak#4 is; thesaipee trapsmissien BeWthre-«subcagrien(l) pesn
one SUb%‘;&%&'“dtQSSQ'EZQ’%§¥mPQ£#41?£9&W‘%§fa% fallows, 15Psubcarrier
Q)= (ZOaOdlgﬁs?;%xSqqg rOe ) = %36%16. (PDS On Sthtg ogh%roh%qed, in the
OFD%\/I sym%o #é olfowmg the OFD symBoFﬂ, the reference signal is not
mapped, Eri PBHSCH 98 niapiied (6°aIF sGBcattiers. rheteforer asdutfiingthst

transmissibat20°power 6Peach subearrie? 16 which PDSCHigwapped in the
OFDM symbok#5 is thensames transmission power Rsubcatriern(2) peeoaely

subcarrier in the QFQM symboh#5 hgcamesassfollgws, Psybearsier (23 .

Psybcarger,= 204300, 0.066666, 23 That is. when PRSCH,IS mapped to two
OFDM symboils, transmlssmrg)&)ggver (densﬂg) of PDSCH in the first OFDM
s

symbol #4¢aH B8 §&F t0 Be & SAmeAS trahsmidsiSh powdt (dénsify) ot

PDSCH ithefoRéwitiy'OFDN syhitot #5CTaris LlwheR thé huhbet30 of
OFDM symbolsstd whichsPDEEH somappedis two Ortimeore, hykdecreasing
the numberyofisubeasiers (by setting DTX subcarriers) to which PDSCH is

mapped in the OFDM symbel #41in which the. DLRSs transmitted,onship
transmis%igp JOwver, ensitlymcge@Dg.g:Hpcan berlgerpt 33u%ocnstant in anaynQFQll\é

e 8 unctu arr1%§s
symbols, SO that amp Itude estimation accuracy can be improved. Next, it Is

described ¥ [idre detait WO 226- thE réfetericeSignal dnd e B¢ @
subcarrierg’té mapgped.\GeRErally, ih &Y OFDNMIS/MBEl toiwisieh the
reference signat issmappeda thet referencedsignalds mapped: at a fatecofene
999@'peﬁﬁdw£ﬂegﬂﬁﬂ6§gonds to a smaller subcarrier number in
two reference signals in one resource block (X = 6m
+ Nghift) - Twelve subcarriers are included in one
resource block, and subcarrier numbers (0, 1, 2, ...,
11) are set in ascending order of frequency from the
25 low frequency side.

When a plurality of puncturing subcarriers
are set per one resource block, mapping is carried
out such that puncturing subcarriers are evenly
distributed as much as possible. For example, when

30 X = 0 and the number of puncturing subcarriers is 4,
the subcarrier number is set every three subcarriers,
like 1, 4, 7, 10. Or, when more than two puncturing
subcarriers are set in an OFDM symbol in a resource
block, at least three puncturing subcarriers are set

35 at even subcarrier intervals.

The mapping example shown in the figure is

merely an example. For example, when the number of



5 number of subcarriers (every six subcarriers, for example). Assuming that a
subcarrier number to which the reference signal is mapped is X, X can be
represented as follows. X = 6m + nshift 10In the equation, m is an integer
equal to or greater than 0, nshift is an amouynt set for each cell, and is a value
of 0, 1, ... and 5.More generally, as described in the "background art", nshift
is represented as [v + fh,p(j)] mod 6 (j is the maximum 13number in integers
that doePHOEEXEESII D IHve phySiEal @ewnhmie kel éltnnel YPDSCH) is
mapped tonsdibcarviees otiter thamisabcarsiers t@ whichsthefreferengersignal is

mapped.Asdngatiored later, $he punetwingsubassrieemay e, included: e

20The trapsmission power,per-one subcarrier (ransmisgiop pawer density
per unit braengg IQf Itlkg:e pQ¥S|gg downll#pl( shasre% cgaanggl PI%%CGHQ is set to be
a predetermmeg value rquar less of whether the df)wnlin}ﬁ reference signal is

mapped Frthe"©EBV 23°5yB6RtoWhich PDSEH Remapped. Thef srence
predetermirethvalie is tinesane asthectransmission powep density in the
case where the base statiore perfpiras transmissionwittbmaximupuncturing
transmisgieppower(ratedspawen and-pewer isievenly distubuteddn-all 30,
suhcarriers In the system. band, Lherefore, in the QFDM %’Bb%%ﬂsl‘gh'cﬂéﬁe

downllnklrgference S|gneaII1 is transmitted, subcarriers to which can be

mapped are redUced gccorﬁ%blt%’trér?sn%iss:s lf]er}‘cc()ev{/élrb égng’l{]ya(%f thedownlink
referenc® sitgfival [OffSet™3F valtesFith fesped 16 oterssigraly.ff oftfer words,
prohibited subeatrier (DR sabdaieb of pemcturingusulzoarrer) to hith ch
mappingtfPRSEH Isrprehiiteds 12 4-dssebdadhe aboverentionad g
exargple ctrapsmission power per 9ne subgcagier (transmission power density

perunnband)OfﬂKEpB¥?C%he subcarrier to which the reference

signal is mapped and the puncturing subcarrier can
be placed such that position relationship of them or
distance between them (subcarrier interval) 1is

20 constant. For example, as shown in Fig.9A, by
defining the subcarrier number as (X+a) mod 12 (a is
an integer from 0 to 11), the distance (subcarrier
interval) becomes a value based on a. Thus, by
fixing the value of a, position relationship between

25 the subcarrier to which the reference signal is
mapped and the puncturing subcarrier or the distance
(subcarrier interval) of them becomes constant
regardless of the value of X. In this case, since
channel estimation accuracy for demodulating PDSCH

30 becomes constant, more stable transmission
characteristics can be obtained.

Alternatively, assuming that the base
station apparatus 200 includes a plurality of
transmission antennas, the subcarrier number of the

35 puncturing subcarrier may include a subcarrier
number of a subcarrier to which a reference signal

is mapped, which reference signal is transmitted



3downlink shared channel (PDSCH) is set to be transmission power density
of a case where the base station performs transmission with maximum
transmission power (rated power) and power is evenly distributed in all
subcarriers in the system band. 10 But, tragsmission power per one
subcarrier (transmission power density per unit band) of the physical
downlink shared channel (PDSCH) is not limited to be the above value.Other
fixed valdé Afayebé ti3edM13Fige DASHARS ot spondencel felgtigiship rom
between dhe numbersof ipuncturirg sabeartietrs and the subcamier number.In
the figure, o indieates a subcarrier number of a subcarrier to which a
reference signal is mapped wherein the reference,2Q signal corrgspgnds to a
smaller syboarriernymber i two reference signals in gne resource blogk (x =
Gm  ns n‘f)c‘iﬁweﬁ/e surbcarrlers are%nclulaed In oheresource bloc&, and
subcarriét ndtBérs 19 25 "2 £y are §étfin"ascending drdBt of fregleficy &
from the 28lowe fregaencysider ©of a sVhenarplarality of puAstuting

subcarriers are set pes bnedesaurcedyoek, mapping is carriediout such that

puncturing;subcariiges gre gvemy disfributed as much.as pessiblgber x1

example whep 30.X = .0 and.the;nymber gf. puncturing subcarrierg |s 4, the

subcarrier number is s%t every three s%bcarrlgrs,lyk , 4, 7,10.0r, when
ubcarrler 11 cr Q

e
more than*two ’pu%ctsurlng Subcarriers are setin an (BEBI\}T%)]‘E/%%% ina

resourceHIGER ‘at'1858t thide pincttring Stbcarrers are set 33%t even
subcarrieriptervalser numbdhe mapping examplershowrs irbtirerfiguress
merely antexample. Boriexampte, svhen-the number pf 288 shows

15 correspondence relationship between the number of
puncturing subcarriers and the subcarrier number in
that case.

In the above-mentioned example, numbers of
puncturing subcarriers when p = 0 include a

20 subcarrier number of a subcarrier to which the
reference signal is mapped when p = 1. Instead of
that, subcarrier numbers of puncturing subcarriers
when p = 1 may include a subcarrier number of a
subcarrier to which the reference signal is mapped

25 when p = 0.

When the number of transmission antennas
is actually two, as shown in Fig.9C, in order to
improve reception SIR of the reference signal, no
signal is transmitted from a first transmission

30 antenna in a subcarrier of a reference signal which
is transmitted from a second antenna regardless of
transmission power of the reference signal. In
addition, no signal is transmitted from the second
transmission antenna in a subcarrier of a reference

35 signal which is transmitted from the first antenna.
Thus, as shown in Fig.9B, by configuring the system

such that subcarrier numbers of subcarriers to which



puncturing subcarriers per one resource block is small (when the number is
1, 2 or 3, for example), the puncturing subcarrier may be set such that the
puncturing subcarrier is not adjacent to the 5 reference signal.This is
because channel estimation accuracy for signals near the reference signal is
expected to be relatively good. For example, when the number of
puncturing subcarriers is 2, the puncturing subcarriers may be 10placed at
positionstdf( X3 PG 12 aneP O 0)rRBaMt Mereyerrerdiy:, fieisPreferable
that signalszother thaiptheareference isigmad are dnappech t@ sabcarmersir ing
existing between-a subearries t0 which-the referencessignalis appedand &
puncturing:155ocarer 85 S a8 pOSSIDIe par e 1 cn Qi 1S SURGAHERIR. .
which the feference signal js miapped and the punctring subcarrier can be
placed suc that position re%tlonsﬁip of them or distance between them =

(subcarrier interval) is 2088nstant FJréxdmpies as Showrfin Fig I, By
defining thetsubbcariier pumber as(X+a) nad 129298 andrtegerfrom 0 to
11), the distancer(sabcanriesdntervalpbeeomes avalae basedpradthusybye

fixing thesvalue of ar pasition relationshipbetweaen2s e subearriee t,which
the,reference, signal Esomas’%gr?rﬂad.the&’é’@‘&%%ﬁgf?cag figr o the distance

(subcarrier interval) of them becomes constant regardless of the value of X.In
this case’ Since channel e&timatibh acetiacy for ?d%eerﬁgdlﬁﬁﬁngcﬁbeséﬁeéb
becomes-E6nstaRt trorefstaBleefansmissioifclidractetfsties tan'Beabiaited.
Alternativelycassumsingthat théhhase statibre apparatos 200dheludesaeduce
plurality efdtransmissiomantenaasathe sihcarder aywmbes of he3% punetuting
subcarrierspayinclude a subcacrer; aumbgr of asubggrrier towhich a

reference silgpal is. mapped, which reference siglnal is transmitted -29- from a
Srrf Ormin cCept rocessl

transmisgion antenngw ichis éi?fréré}nt from a trgrismission antenna relating

tothepunc&Mngsubcgﬂﬁﬂ?elatlonShlp between the first antenna
and the second antenna can be applied to

relationship between a third antenna and a fourth
20 antenna.

Fig.1l0 shows how many puncturing
subcarriers are provided in what resource block RB
for various offset values when the system bandwidth
is 5MHz. The offset value indicates how much

25 decibel by which the reference signal is stronger
than other signal for transmission. For example,
when the reference signal is transmitted 3 dB more
strongly than other signal, two subcarriers of
twelve subcarriers are set as puncturing subcarriers

30 in every resource block. When the reference signal
is transmitted 1 dB more strongly than other signal,
one puncturing subcarrier is set for each even
number resource block, and no puncturing subcarrier
is set in other resource blocks (odd number resource

35 blocks) .

Figs.ll and 12 show how many puncturing

subcarriers are provided in what resource block RB



For example, in the case of P = 0, 1 described in the background art,
subcarrier numbers of puncturing subcarriers when P = 0 may include a
subcarrier number of a subcarrier to which the reference signal is mapped
when p = 1.More particularly, assuming that a subcarrier number X1 100f the
reference signal when p = 0 is X1 = 6m. + nshift a subcarrier number X2 of
the reference signal when p=1 is X2 = 6m+3+ rishiftThus, subcarrier numbers
of the puhéturingsubearriers siien' & ncliv 6k 8+ wsfift Fig. DB showrs b
15 corresporiderice refationShipzbetwaernctheveumber of puncturing ions  of
subcarriers @ng-thessuhcasrieripumper ivthat gasen rig.1dnthe
above-mentioned example; nymbeys of puncturing sybcarrierswhen p = 0
incIuSde aSZ% sglgge%reriesr ngr%bere%f a s%lglcacrf;lig;;totwgichftpgeref%rae ce signal
is mapped”lw enp= ‘Instead’of that, subcarrier NUmbers 6 puhc 1drlng _
subcarriet§ WiHErT p& 1 may mclude a ¥dBcafried Mtimberofd shbBeaTTer t6'9
which the véfeperceesignakismnapped 23whenlpy =th.awhenthemrimber of
transmissioncanteanas iscactuallyitwos asrshowrrin RigsQC tihrgrdee toiod is

i_m prove FQQ@P&QBe%'RiQfﬂhﬁor_ﬁfe;r@@ ce m,tnq signad 'LS;HQHSWM'H%Q HQE,& ém
first yansyoission 30 Apienna.in & subcarie of AJelRIRACE Signal WGIS:
transmlttedbrom a, second ar% enna regardless ofi‘lr nsmission go%/fr 011; the
referencé si Cn%ﬁ.ﬂll addition, no‘signal is franstitted front the' Second "
transmis§i6?? artéhfid n a'stbcafrier<df & fefeferfca 3> sighaFwhichis non-
transmitted from the fitstaanterira Thusasshowrvinl Big. 3B,ce configuring
the system steh thatistiboastiernwmbess obsubearriees toowhich +3Q- the
reference signal rapsmitted by a.different transmission antenna is mapped
include asg%ncturlngjgsgb%%rner number‘rj, it can he av%ggg:]ghaltsth% nuinbejr of4,

) carri £ 7in eﬁc resouvurce / ’ v
physical resources, more particularly, the number 5 of resource elements is

5 h
decreased dbie 6 puncturing.
The example is described in more detail.

A case 1is considered in which the system bandwidth

20 is 5MHz (the number of subcarriers is 300, the
number of subcarriers of the reference signal is 50,
and the number of resource blocks is 25), and in
which the number of puncturing subcarrier set in
each resource block is 1. In this case, since the

25 number of puncturing subcarrier of each resource
block (the number of subcarriers per one resource
block is 12) is 1, the number of mapping subcarriers
of PDSCH becomes 225. In this case, assuming that
the absolute value of transmission power of one

30 subcarrier of PDSCH is 1, total transmission power
of an OFDM symbol in which the reference signal is
transmitted is 5OX1X101j6”O+ZZSXI=299.98, and total
transmission power in an OFDM symbol in which the
reference signal is not transmitted is 300x1=300.

35 Thus, total transmission power in an OFDM symbol in
which the reference signal is transmitted can be set

to be almost the same as total transmission power in



Also, when the number of transmission antenna is one, as shown in Fig.93,
puncturing subcarrier numbers can be set by assuming that there are
reference signals transmitted from the second 10transmission
antenna.Accordingly, similar processing cag.be performed between the case
when the number of antenna is one and the case when the number is two.
Thus, it becomes possible to reduce complexity of the base station apparatus
performig 18%FAhsmiBSioN processiAg anctheshebite stativhPerforafing ot
reception-processinged.  AltThegalationship betweenthe firstréntennd and
the secopd antenna.gan beappliedto; s relationship betweens third bed

antenna apd.g.fourth 20antenna Fig,1Q shaws now many pUngiuring < ; o
subqoarners are prowged &L%\@at resource blo%klR}I]E ftolg various offset values

when the’ gyseiémllr)]andjwidth is SMHZ. The offset Value indicates how much

25 decib&l 5y Whichthe referehceSigralis Sfrongér tan 6ther Biyial fore
transmissiehs-creexanigle, wWhenstheTeferense signal is FanSnitte s wR 1
more stranglytham other sigrialy twia subcariers oktwelve subcarriers afe set
as punctdring sHbeagrrigrs 30imeveryreseutce blockWhen the referenceer s
signgl is ransmitied 1 dB mare strongly than,other signal, one punctyring, ,
subcarrier is set for each even number resource blo%k,lan,d no gunctutring
subcarrier'i& S8t i Sth? r8SSiirce Blodks f%FdDdM number resource é%BIoc]i}s)
-31- for Vatibas THfset vaieswheén e systeht bandwitth s t6MHAaRd
20MHz regpectivehh Corfigratioris> o bthettablesraressimilap tor thatin Fg.10.
In Figs.10rk2, since-puncturing Subeariers are setsuch that the offsetvalue
beagmes.Qsk.sdi-++ 8B the nUMber pf PHNEWKING SURGAHIRISIS NOth i s
necessarly,fig Spe, aagg,espurce blacks. Howgysr. syeh 2 selina
method is not essential for the present invention.The system 10 may be
configurédf 8G&H tHat thé ntimbetof Burictudfitf subcarriers is the same
among all resource bldékstahd instead, the'6fisétvalietan becdet as an
non-integernaue.iarsexample, Figi2Brshbws:transmissiors pewer valugach
(offset valuehofthe 13 reference signahwben the numberof punetining
subcarriers set in.gach rgsource plack is 1,2 3,42 B 6 e us £o,The

example iség?gcritie iq more deéasikcﬁ\lcai% ise%%qsf{ egergdin which(;[tgﬁle
system b%ndw_létrﬁ 20is zr?t]he_numbgr o?subcar?iers IS §61C? the number
of subcartfets bf the réfeRsifce signaris By et ion processing.

The DL transmission power control unit

25 2085 determines transmission power of the physical
downlink control channel and the physical downlink
shared channel, and reports the transmission power
to the layer 1 processing unit 2081. Transmission
power per one subcarrier (transmission power density

30 per unit band) of the physical downlink shared
channel is set to be a predetermined value
regardless of whether the downlink reference signal
is mapped to an OFDM symbol to which PDSCH is mapped.
The predetermined value is equal to transmission

35 power density obtained when the base station
performs transmission using the maximum transmission

power (rated power) and power 1is evenly distributed



and the number of resource blocks is 23), and in which the number of
puncturing subcarrier set in each resource block is 1.In this case, since the
25 number of puncturing subcarrier of each resource block (the number of
subcarriers per one resource block is 12) is;1, the number of mapping
subcarriers of PDSCH becomes 223.In this case, assuming that the absolute
value of transmission power of one 30 subcarrier of PDSCH is 1, total
transmiss$iengpower it OFDM syinbidlsn WHic theereterenceSignalt iz
transmitted as 50xx101- 76304 225x1=299: 98 pand totad transmission power
in an OFPM;symboh i which-theueferepge sjgnat is net agsmited is
300x1=300, 33 Thus. fotaltransmission pawer,in an OFDM symbol inyrhjch

the rgfer%@l%e §|ggr§£;§itgan%rgitted can Qg setfo bebatltripogte the same, setotal
transmission power in °37-%n OFbBwm symnbo |ﬁ/w%|c the reference signal is
not transhfittéd. AifHotigh £Eade Whierd te* fttmbet Ot ptfictifing StbEarfief 1
is 1 in eaehaRENS gleseribeth irethe @ovedmentiemed exampleytatalis evenly
transmissiont3 poweein an QEDMssyrabokinewhichrithelrefergnce signah s,

transmitted caade set torke almostihesame asitatal ransaissian power in -
an OFDM symhgl jn which mgqe@éﬁsi%gng'é% nok ransmyified similgrly

when the %umbg-(ra?f gg%t fing ss%)gggners 1 'Sr’1e13’i4’ %grg in etach RE.In
addition, Totaf transmission power in andOIEBﬁls mborf in“whichthe reference

signal is fraRshfittéd an be sttt Pe Alfost tHe saite as tstaftransmission
power inah OFDM dymbol in which the reference signal is not 13 transmitted

similarly when the systeta bandwidtbds othersthand Mz, for exarpplenaden

the;system bapdwidth ds 10 MKHz0r:20,MHz Inthis.case, sincerthe number.of
subcarrieﬁrg tg be.HLérK:gured becomes constant in each 20resource block, it

becomes possllgle to reduce complexity of the base station apparatus for
performing transmissidit protessint and the 2bile stition™or peHfmihg”
reception' Brocessing ' The DL tramsafission powet Cohtiol BRit25208% 2/
determines tramshii§sien power dftthe physical downlink¢ontrok¢hannel and
theophysicak downlink shared chapnel, and reperts thetransmissjorpewer to
the layer J. processing unit 2081, Transmission power.perone, subcarier
(Uanans&onpowerdgg&@g downlink data, a radio frequency
signal received by the transmit and receive antenna
102 is amplified by the amplifier unit 104, and is
25 frequency-converted by the transmit and receive unit
106 so that the signal is converted into a baseband
signal. The baseband signal processing unit 108
performs, on the baseband signal, FFT processing,
error correction decoding, reception processing of
30 retransmission control, and the like. After that,
the processed signal is transferred to the
application unit 112.
On the other hand, uplink packet data is
input to the baseband signal processing unit 108
35 from the application unit 112. The baseband signal
processing unit 108 performs transmission processing

of retransmission control (HARQ), transmission



30 per unit band) of the physical downlink shared channel is set to be a
predetermined value regardless of whether the downlink reference signal is
mapped to an OFDM symbol to which PDSCH is mapped. The
predetermined value is equal to transmissiary 33 power density obtained
when the base station performs transmission using the maximum
transmission power (rated power) and power is evenly distributed -33- to all
subcarrier8if e Systemtband. OF thetfansfAtiSsSioA poWer pBE 6Ae Stbedrrier
(transmissioT power densityy pemdnit band)idfd¢he physicalcdewnlinkcshared
channel mayrhea a valuercther than:3 the trarsmissionspawerngensity ebtaiwed
when the hase station performs transmission using the maximum

transyrission power (rajed powen) and power is evenly distriputetoall ¢ .
subcarriers in the system andﬁ,‘ asniong as the transmission power Ser one

subcarrier fOlraRSMiSSIoN pover Uersity pet tnft beid) of e physigal e
downlinkstered thaphehizlconstantregardiess of Whatherthe downlink
reference signat isimappetd: 108 intdheadses appasatusciO0;of an
embodimeﬂfg(;}g Qfﬁge,pfeﬁ%htﬂﬂbﬁ%@m is desgl ibﬁdi\é!iﬂérﬁ%fﬂ%ﬁ_%%toi n the
FIgy13A. o1 1 £ 1 A5 ShOWD INgRIg,, 13A, the uger apparafys, 109, includes a

transmit and receive antenna 102, an mplifier unit 104, a transmit and
receive uar1r?td26ftf§ ‘2’basébany’ ?igrlm processing unit 108, a call processing
unit 112, and an applicatiorihit 122, the Parshraewnkisk data, a radio
frequency sigreal séceived by thedrarssniib and reeeiveldritenna 1924s
amplifieddby: thel amplifier unit 104y and 45 23 Jrequency-convesteddnsthes 1,
trangmit and rgeeive unit 106,sa thatihesignalis convered intg.a.nasehand
the physical downlink control channel and the
physical downlink shared channel. The user
apparatus 100, obtains beforehand information
(including information specifying where prohibited
20 subcarriers are placed) indicating subcarriers where
the information of the physical downlink shared
channel is mapped. The processing for obtaining
information of the physical downlink shared channel
is performed based on the information indicating
25 subcarriers to which the physical downlink shared
channel is mapped.

More detailed explanation is given with
reference to Fig.13B for explaining processing, in
the baseband signal processing unit 108, for

30 performing demodulation/decoding of the physical
downlink control channel and obtaining information
of the physical downlink control channel and the
physical downlink shared channel and the like.

The baseband signal processing unit 108

35 includes analog digital converter (A/D) 10802, a CP
removing unit 10804, a fast Fourier transform unit
(FFT) 10806, a demultiplexing unit (DeMUX) 10808, a



signal. The baseband signal processing unit 108 performs, on the baseband
signal, FFT processing, error correction decoding, reception processing of
30retransmission control, and the like.After that, the processed signal is
transferred to the application unit 112. 5. On the other hand, uplink
packet data is input to the baseband signal processing unit 108 33 from the
application unit 112. The baseband signal processing unit 108 performs
transmisgibhtpreeEssifg O tétrafsmissich 8ontisI{HARQ), trarismissionr -34-
format seleetior, channeheoding, DT protessings IFET piodessing and the
like, them, the processed signalds transferredb tothei transmit andeceive unit
106. RT%Hggﬁmg@qlggcgi%%@ig 106 performs frequency conversion
processing for converting the baseband signal output from th e

sign§l processin unit% iﬁtrf)a?a%?q é:leaﬁgﬁgy %3ﬁ\é.e£}t%rrth§%?§3e tia&% §
processe%%’iljﬁﬁ%i% SpfAE nthe 10" ampfifie Ghit 104 antF fafsmttet om
the transmiitand réceive antErmnia- 202 . sh&tiition, the baseband signal
processing unit 108 perfermsedemodulatipnuand deceding femthesphysical r om

downlinkcontral channel; d3-and perfesims progessingfor obtainigno1 part.
infqrnation of the physigal dawnlink,contzol channetand the physical; ]

downlinkls a[g%d chagneI.Th% user ggear,atus 100, o?tams beforehan .
informationg(lncllfcﬁrlfg nformation specﬁgyliﬁﬁ W rearréspr%l%it%a 20subcartiers
are placet)IRditating BEbEArTTRrS WHETE tRé irnatioh of tie pRYSical
downlink shared chaniélsis #rapped.?heprocessing fabebtaining #fdfmation
of the physical dawnkrk shared ekanneince signal, the data signal

15 (user data or control data) from the received signal.
The demultiplexing unit (DeMUX) 10808 receives, from
the subcarrier mapping information management unit
118, mapping information of the reference signal,
the physical downlink control channel and the

20 physical downlink shared channel. That is, the
demultiplexing unit (DeMUX) 10808 receives
information indicating which subcarrier the
reference signal is mapped to in the subframe, and
which subcarrier the physical downlink control

25 channel (control data) and the physical downlink
shared channel (user data) are mapped to. Then, the
demultiplexing unit (DeMUX) 10808 demultiplexes the
reference signal and the data signal (user data or
control data) from the received signal based on the

30 information.

The multiplying units 10810, 10812 multiply
the reference signal by a random code sequence which
is a first sequence and an orthogonal code sequence
which is a second sequence.

35 The channel estimation unit 10814 performs
channel estimation based on the reference signal,

and determines how channel compensation should be



is performed based on the information indicating 23 subcarriers to which the
physical downlink shared channel is mapped. More detailed
explanation is given with reference to Fig. 13E for explaining processing, in
the baseband signal processing unit 108, for.30 performing
demodulation/decoding of the physical downlink control channel and
obtaining information of the physical downlink control channel and the
physical @Biwhiifik sharéd ehamseél ‘drfithédike. Thetdseband signal
processing unit 108 33iheludes amaleg: digitalhconverteri(A/Dy»10802 aa &P
removing ynit 410804 -a fastikpurierdeansiorm upit{FET) 10806:8+ imation

demultiplexing, unit (ReMUX). 10808, 8, :35; fultiplying, unit 10810, 8. o 4

multi Iymg un|t %%81 a channel estlmatloglrlénlltlslog% a d}emodulatlon unit
10816, a subcarrier mapping 'information managementf unlt 10818. 3The
analog d?@?té?%ﬁ\?er‘ﬂeﬁe(%/é)?i@S@? CONVERS anfardog signal of the

received baseband sigitat irteecdigitabsignakring inTherGE teémoving unit
10804 removes=GEfromrai teceiveBsighaktosobtajipan effective symbeh part.

10The fast, Eoudertransform unit(FFTHRL0806 perdarms fast Fouriekont rol

trapgform. on an. NPt signal t R%E@@QF%&%ME‘H?” of QFRM scheme.
The demultg)lexlng unlt (DeM 10808 demulnglexes the reference signal,

the data S|gnal iﬁ(user data o(r:%oﬁtlroffdg]‘lalf From the rédéived & S|gnal The

demultipexirtp it (DeMUX) 10808 redeivés® from the stibearriet Mappingd
informatish managément trit 118¢ mappiyg infernsatior of the referentet o
signal, thenphysical defvnlink, contol ehanneland-the-20 physicabdownlinak
shaged channel.That is, the demultiplexing unit, (ReMUX) 10808 eceives
physical downlink shared channel (user data) are
mapped to. The subcarrier mapping information
management unit 10818 reports the mapping
information to the demultiplexing unit (DeMUX) 10808.

20 The mapping information may be system specific
information, or may be broadcast information, or
information reported from the base station apparatus
200 by individual signaling which is RRC message,
for example.

25 The information on DTX subcarrier is
included in the mapping information of the reference
signal, the physical downlink control channel and
the physical downlink shared channel stored in the
subcarrier mapping information management unit 10818.

30 That 1is, the demultiplexing unit (DeMUX) 10808
performs processing for demultiplexing the reference
signal and the data signal (user data or control
data) while regarding that no signal is mapped in
the DTX subcarrier.

35 The information indicating which
subcarrier the physical downlink shared channel is

mapped to (including information for specifying the



information indicating which subcarrier the reference signal is mapped to in
the subframe, and which subcarrier the physical downlink control 25channel
(control data) and the physical downlink shared channel (user data) are
mapped to.Then, the demultiplexing unit (DeMUX) 10808 demultiplexes the
reference signal and the data signal (user data or control data) from the
received signal based on the 30information. The multiplying units
10810, 19832 makipRitheheferente Bigrial byl Fatdorf codesetfanerd s
which is adirstrsequénceranid-an orthiogonak cade sequence which is a
second seguence . 33The shanpelestimation-yuait 0844 performs.chgnnek,
estimation-basgd on the reference signal, and,detetmines how chaanek, .
compensation stiould be -36 apalied to (e recelved datasignal. .,
The demodufation unit 10816 compensates for the data Elgnal based on t%e
channel 88tmatior tEsulf EndFetdret thie tata signal ralsmittstPs fromh the
base station! apparatiis 2000 thdtlis, restores usef datd ortontreldata.

The subcarsenmapping infermatien mmanagemernt yuninb@818 stpres mapping
informatigu}gggli@ I%fﬁf@@%ﬁigﬂ@& the mﬁi&ﬁég@w&l@n'ﬁ gopg_glsl,@ z@h?@@?'
and the physical dowplink shared channel, that is, the subcarrier mapping
information mana%etryent unit 10818 st%r&?.mformatlon |nd|cat|nC9 which

subcarrierthe reference s?gpr}%liilrsartr]%%ped to in the soutb}frearrT]g,oé:ncf which”

subcarriettRé physitat 15 doWilinkontiol BRarREEdntrbl- data) ahd the
physical dewnlink shared chanmelyaserdatd) are mmapped: toe T hehsubysarriey
mappingdstosmationrpanagement upit 10838 reporis the mapping d
infarmation 49 the demultiplexing-unit (ReMUX) 10808, 20-the mapping
nﬁonnaﬁggg@% P?éysgggé¥§%gg with reference to Figs.9A, 9B,
9c, 10, 11, 12A and 12B in the explanation of the
base station apparatus 200. The demodulation and
decoding include FFT processing of the baseband
20 signal processing unit 108, error correction
decoding, reception processing of retransmission
control, and the like.
That is, as mentioned above, in the case
when the puncturing subcarrier number 1is set by
25 assuming that there is the reference signal
transmitted from the second transmission antenna, as
shown in Fig.9B, even when the base station
apparatus has only one transmission antenna, the
baseband signal processing unit 108 performs
30 demodulation and decoding of the physical downlink
shared channel by assuming that there is the
reference signal transmitted from the second
transmission antenna as shown in Fig.9B even when
the number of transmission antenna is actually 1,
35 that is, by regarding that the subcarrier to which
the reference signal transmitted from the second

transmission antenna is mapped is the puncturing



information, or may be broadcast information, or information reported from
the base station apparatus 200 by individual signaling which is RAC
message, for example. 25The information on DTX subcarrier is included in
the mapping information of the reference sigpal, the physical downlink control
channel and the physical downlink shared channel stored in the subcarrier
mapping information management unit 10818. 30That is, the demultiplexing
unit (DeMUXy 40808 performs processing for demultiplexing the reference
signal and the data sigria (userldata or controy data) twhileOregardingrthat no
signal is mappediiathe DTX subearrier: 364 he information indicating which
subcarriey dhe plysica), downlink shared, channel js mapped to (including

inforgnatiog gore s%%cni irg)%trgene?- eorsit'on %frthgiprggg_ﬁbitgdasnubtcggier)
correspoﬁds?q the stibcarrier number of the unctchrlng SL}J]bcarrler described
with refeFdhtetoRigs 29AT 9B g0 16, 1124 %Rd 12E in the explanation of
the base station apparatus-260 2for exantpié. e oiveraserds! the tser
apparatusulO9; petfosmsdermedulation angedecoding oraheyphygicabl in

downlink,shared chanpekin;cansideration of the, pUBGIUEING: n « SUPEBHIEY)
desgfibed with referenceto Figs.9A, 98, 1090, 10, 11, 12Aand 12k inthe; 4

explanation of the base stafion a IEaratus 200.In other words, the user

S rrigr is,det ned based on the,sulcarrier
apparatus en@orms demodu ajtlon anaaéecocﬂng tfor the physica

downlinkishated thaffiel by cORgAEHRY thatthePHisical @ownlink SHatedaB
channel isihothteednsntitted v tlve puActimingesubicarrierdederibedtwitly the
referencetwkigs,9809B; 90,w10,chl, th2A andg d2d=in thewexplaratiomet-the
base; station apparatys 299) The demadulation.and degoding inclyde FHE -
processing. of the %a&ec?@@?i%os@?“u%859%%%311’_‘%%9“ 508, griar carection, . .4
decoding, reception processing of retransmission control, and,tﬁe]lﬁ](e.
on the subcarrier position of the downlink reference
signal. Or, the puncturing subcarrier may be set in
the OFDM symbol in which PCFICH or PHICH is
20 transmitted, and the subcarrier of the puncturing
subcarrier may be determined based on the subcarrier
position of the downlink reference signal.
Since the subcarrier number of the
puncturing subcarrier is associated with the
25 subcarrier number to which the downlink reference
signal is mapped on a one-to-one basis as shown in
Figs.9A and 9B, the base station apparatus, the user
apparatus and the method of the present embodiment
can be applied for any sequence of fy,,(Jj) described
30 in the background art. That is, the base station
apparatus, the user apparatus and the method of the
above embodiments can be applied even when hopping
is applied to the downlink reference signal and even
when fixed shifting is applied.
35 In the above embodiments, although examples
are described in a system to which Evolved UTRA and

UTRAN (another name: Long Term Evolution or



That is, as mentioned above, in the case when the puncturing subcarrier
number is set by 23 assuming that there is the reference signal transmitted
from the second transmission antenna, as shown in Fig.9B, even when the
base station apparatus has only one transmigsion antenna, the baseband
signal processing unit 108 performs 30 demodulation and decoding of the
physical downlink shared channel by assuming that there is the reference
signal transpsitted front the BBeéadrd! trah8missien ahterineas SABWAFRFig.9B
even whemn ¢he namberof transmission @ntenra isoactoally de 38 thatist by
regarding that:the subearriesdo which dhe reference sigpatransmitted fram
the secopgd transmission antenna js mapped is the puncturing -38- subcarrier.
The gall processing unjt 110 performs management of compyinigation i,
the base station 200, and the apgliqation unit 112 performs processing on an
upper layetHigherthanthe pHyRicat Ta/er ANt the MAT &yef S L2 E 1O 3R the
above-mentioned exafiple, thegsurcturirng sabcarrviet issetid the ORDKe of
symbol in whicte the-physicalidown:: inkisharedchannel (RDSESH)ER isier,
transmitted sand éhelﬁuh%ﬁ_i%@f H?ﬁdple!@(%tyé_iﬂgxﬁélp@@rf&ﬁf i§1¢@t%r@fi@%@nce
basefl on e subcarrierpositiog of fhe downlipkeferance siopatnstead of,
that, the puncture subcarrier may be set in the OFDM symbol in which the
physical 8%%ﬁn§%%ﬁﬁ5?’l§ghélnonne_l?E’B%,r@ﬁfles tra élmi]tteﬁt,%%ﬁctﬁély’
subcarriét®dfthé pemeturingSsutscalrriermayBe- détermitet bised on the
subcarrier position of the dowrlinkoeferencesigndl 10e, thiespunctsdmg:
subcarriermay becssetin the OFDMssymbalin mdtieh KCEIGH os PEICHi is 20
transmitted,and the subcarkier of the puncturingsubcagigrsmaydenerely
determingd hased,on the sybaarrier position.of the downlink reference signal.
Since the su gar.ner ’numober_o the puncturin guebcarrler is associated with

the 25 sulftarfier fthmbel (6" WhidH the>dSwn ik Fefarénce§ignafi mapped
on a onettdroiie BASK tds shalt it FigiRSTA hd IBhE stk stafish
apparatusxthecuser apparatusiand tHe method of thenpresent edribedimént he
carn be applied for amysequence effbepg).descrided 3Qinthe backgreunrd v
art That is, he-hase stafionapparaiis. e uset apRaralus.and dhe method of
the above embodiments ?Qé’eo%%%'!:e L even wh T‘QSPP'incga'si%ng“?QttQ the
downlink reference signal and even when Tixed S f?tmg is applied.
each embodiment is not essential in the present
invention, and equal to or more than two embodiments
25 may be used as necessary. For convenience of
explanation, while the apparatus according to the
embodiments of the present invention is explained
using functional block diagrams, such an apparatus
as described above may be implemented in hardware,
30 software, or a combination thereof. The present
invention is not limited to the above embodiments,
so that variations, modifications, alternatives, and
replacements are included in the present invention
without departing from the spirit of the present
35 invention.
The present international application

claims priority based on Japanese patent application



33In the above embodiments, although examples are described in a system
to which Evolved UTRA and UTRAN (another name: Long Term Evolution or
-39- Super 3G) is applied, the base station apparatus, the user apparatus
and the method of the present invention cap e applied to every system
using the OFDM scheme in the downlink. 3According to the embodiment of
the present invention, by preparing correspondence relationship among
number, Yscatioh/ offSétvalué aheithélikelst tié feferercelsigpalardthe2 007,
prohibitedrstibcasriern charges inckopping andheffsetnvatise of thetkeference
10signal ggpibe-flexibly supported-while transmissionpowerdensity-afin by
non-reference signal (typically, data signal) is kept constant temporally.

As described above, |Ie the JPresent mventlon IS desicrlbedlwnh reference

to specific 13 embodlments Phe res eeﬂvglerh oc?ments Bre m merel

exemplafy: %bﬁﬁa?éjs%ﬁljeﬁyp@@éﬁ it undarstand variatins, mBaiticatons,”
alternativés; and replacénerits IWhilenspetific’ Rdmericilvaliie Examilés are
used to facilitate einderstandingrafehe 20opreseat inveationssgeh aumerical
values arg-merelyexamples 29 thatiamyoappropriate, valuesnay bedised, by
unless spegified gtherwise.Classification into each embodiment is not
essential in the present invention, and equal to or more than two
embodiments 25 may be used as necessary.For convenience of explanation,
while the apparatus according to the embodiments of the present invention is
explained using functional block diagrams, such an apparatus as described
above may be implemented in hardware, 30software, or a combination
thereof.The present invention is not limited to the above embodiments, so
that variations, modifications, alternatives, and replacements are included in
the present invention without departing from the spirit of the present
33invention. -40- N0.2007-30837, filed in the JPO on February 28, 2007, and
the entire contents of the Japanese patent application No0.2007-30837 are
incorporated herein by reference.
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3The present international application claims priority based on Japanese
patent application No.2007-71389, filed in the JPO on March 19, 2007, and
the entire contents of the Japanese paténat application No.2007-71389 are
incorporated herein by 10reference. 15 20 25 :30 41 Claims 1.A
base station apparatus that performs communication with a user apparatus
using orthogonal frequency division multiplexing (OFDM) in a downlink,
comprising, a generation urit-édrfiyured to perform inverse Fourier
transform on a signal to which a first signal and a second signal are mapped
SO as to generate. a Arapspussion sighal; aneh r a tA HaRSANSSIN-Whit ms

configrred; tofransmiy, E@n”é”%@@?'%%%%‘ttﬁ? éh% UBSRLapRRRALS, yherein,

evgn when the njumber of tr%nl rplss ion antenz e base sgtlon 2P aratus
is one, h suﬁgarner in which mapp g “oFthe secon S|gnal is prohrhlte i5

detémmihed by&ssuming that the number of transmission antennas of the
base station apparg®isisaivoon unit 2cTpé ipsesstation apparatus as
claimeskineclaimutier travhereintherfirst signalds acdownlinkireterenee t
signalnand thessecondsignalds @hysical dewnlink sharegschannelgeaat e
phé/s;g]agggwngglg8gnt£qlgqh§nne5n 4 3. The base station apparatus as
claimed in claim 2, Whereln When the number o{ the tragsmlssmn antentna of
the base station apparatsus isone, the base Station - apparatus puncfures a
subt&rrier ot tHe aowhlink f*él‘éfae]nc%osléﬁzﬂ t8 BettransiAited ffom a second
transmission antérazeby: asswmaingtihat tHendownlivlereference signal
transmited fronvtheasecandstrarrsmissiop-ardenna exists. agdaratus 4i A
basgestationapparatus-that perferms cepppunigation with asusesapparatus:

using 851@%91% acé@qugn%g'v'ﬁoﬁW'E%IGX'QQLJ(QFDM%H‘ 3 downlipk,, e

comprising a generafion unit configured 1o erform inverse Fourier
tran forh‘?Bﬁ“alss ﬁngﬂo%@h”aafﬁsf)éﬁgﬁgl ar?oazi%e%ﬁ& Sighal Bre rispped

solds fo"§enerate a transmission signal; and a transmission unit
configured to transmit the transmission signal to the user apparatus,
wherein the first signal is a downlink reference signal, when the

second signal is)a pf‘Mé'%E@%W%QQJH@&B@PQ% gven 'fc”ﬂ%ﬂH@&Pef of
tranfmls&?n antenna of the base station apparatus is one, a subcarrier in

which mapping of the physical downlink control channel is prohibited is

determined by d83Ghiing thatthé htftbet B tfahsirission ARtENTAS of the
ba%@%ﬁﬁﬁﬂ?apﬁ&@mﬁﬁﬁt%@daﬁae second signal is a physical

downlink shared channel or a physical downlink control

channel.

3. The base station apparatus as claimed in
claim 2, wherein when the number of the transmission
antenna of the base station apparatus is one, the base
station apparatus punctures a subcarrier of the
downlink reference signal to be transmitted from a
second transmission antenna by assuming that the
downlink reference signal transmitted from the second

transmission antenna exists.



when the second signal is a physical downlink shared channel, the physical
downlink shared channel is mapped to a subcarrier other than a subcarrier to
which the downlink reference signal is Mapped if the number of transmission
antenna of the base station apparatus is one. 5. A method for use in
a base station apparatus that performs communication with a user apparatus
using orthogonal frequency division multiplexing (OFDM) in a downlink,
comprising the steps of: performing inverse Fourier transform on a
signal to which & first Sigrsad amdaat Secorxbsignaltare mapped so astos
generatera transmissioncsignal; and teasismittingdhe drangmissian signal to
the .43, user.apparatus; wherein, eyen whey theymber,of fransmissian
antenna of the base station apparatus is one, a subcarrier in which mapping
of?ﬁéngéégnldngi@nal is prohibited is determined by assuming that the number
of transmission AntEHHASOT tHE bakeé 'statihtdFparattstie ke Fo™ 6. A
maébileeesanflmication systerf toniprising atisen appamatys aAll atbdse st
statiomapparatusathat perfarms gommunieaticipwith the user apparatus-using
orthogenakfreguengy divisiommultiplexing (OFDM) in a downlink, the base

station apparatus GMpBUSIgs; on undGEPSALION YL CORfigured E%E%rform

in\{:%rse Fourier transform on a sjgnal to which a first S|%nal and a secon

signaﬁ aré %1615[%16%5810038 o agﬁera%é) att}rlaenslfnsiggio%pszfgnraﬁ t and a

transmission unit€onfigtirédt tFarishhit HefransmissiorfSigRartdkthe user
appafatosnwherehy éden when the number of transmission antenna of the
base station apparetus: iseone; acsitbcarderan which mapping ef thesseconeik
signal is-grohibitadhis determained byagsuming dhatdhe numberafs  on
rasrugsion aptennas of the base station appargius Iswe, . - 4
subcarrier in which mapping of the physical downlink
control channel is prohibited is determined by assuming
that the number of transmission antennas of the base
station apparatus is two, and
when the second signal is a physical downlink
shared channel, the physical downlink shared channel is
mapped to a subcarrier other than a subcarrier to which
the downlink reference signal is mapped if the number
of transmission antenna of the base station apparatus

is one.

5. A method for use in a base station
apparatus that performs communication with a user
apparatus using orthogonal frequency division
multiplexing (OFDM) in a downlink, comprising the steps
of:

performing inverse Fourier transform on a
signal to which a first signal and a second signal are
mapped so as to generate a transmission signal; and

transmitting the transmission signal to the



43

user apparatus,

wherein, even when the number of
transmission antenna of the base station apparatus is
one, a subcarrier in which mapping of the second signal
is prohibited is determined by assuming that the number
of transmission antennas of the base station apparatus

is two.

6. A mobile communication system comprising a
user apparatus and a base station apparatus that
performs communication with the user apparatus using
orthogonal frequency division multiplexing (OFDM) in a
downlink, the base station apparatus comprising:

a generation unit configured to perform
inverse Fourier transform on a signal to which a first
signal and a second signal are mapped so as to generate
a transmission signal; and

a transmission unit configured to transmit
the transmission signal to the user apparatus,

wherein, even when the number of
transmission antenna of the base station apparatus is
one, a subcarrier in which mapping of the second signal
is prohibited is determined by assuming that the number
of transmission antennas of the base station apparatus

is two.



