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. BACKGROUND ART 133GPP 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 Evolutidaq{ETEyASHddio access schemes, OFDM
(Orthogonal FrequencyrDiMigionR20rMuiltipiexing Y is\being studied for downlink, and SC- FDMA
(Single-Carrier Frequency Division MultiplesAccessy iobeingrstudiedsfon wplink (referto non-patent
document 1, for examplg)r QFPMds @ schame fordividing afrequency23;band into a plurality of narrow
frequency bands (§ubcarriers) S0 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
30overlap, high speed %@M@éﬂféﬁﬁized so that efficiency of use of frequency increases. SC-FDMA
is a transmission scheme that can 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.

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 communicatjons, pilot signals are used for channel
estimation and radio quality measurement.The pilot signal is called Downlink Reference Signal (DL RS) in
LTE. The downlink reference signal in LTE is represented as a two dimensional sequence, and is
formed by a two dimensiohaPerthbgeralssetictee drid t0a thardiierdsional psedlo random
sequence.Mapping (subcariergrimber) lof the eeférente signal to physical resources can be represented
by the following equation (non patentdaeument 2): ke B+ (vet Haop 12k} med 6 15 NBL _3 n=1 symb

15 wherein k indicates gi%.;pgggri%rrgurgpgﬁ l-indicates an,OEDM symbol number, and i indicates a slot
number, and m is an intq%%elrivtail/ue as follows. @ DL I%\% NRI?O/% BW 0,1 for, 9 =0

measurement. Pl signal 1 cé%led
Downlink Reference Signal (DL RS) in LTE.

The downlink reference signal in LTE is
represented as a two dimensional sequence, and 1is
formed by a two dimensional orthogonal sequence and

10 a two dimensional pseudo 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+ £ (li/2]))mod6
(0 n=0

Nsiib—3 n=1

l={
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=0,1,..., Aé%‘
Ngw /2]
0,1 forp=0,1

n=10 for p = 2,3 and the generic frame structure

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

Nivw =12, N§;b=7

P {ndicates the number of subcarriers in the

DL

NBW
20 whole system band. Ny
bandwidth is 5 MHz, is 600 when the system bandwidth
is 10 MHz, and is 1200 when the system bandwidth is

is 300 when the system



0 for p= 2,3 and the generic frame structure 0,1 for p = 2,3 and the alternative frame structure NRB = 12
NDLb =7 BWsyrn N-Bril" indicates the number of subcarriers in the 20 whole system band,DL is 300
when the system NBh 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 + 3nfor p = 1 1+ 3(i mod 2) for p =2 2 + 3(i mod
2) for p = 3 In the beforé!miéRtioned edbdten, Fadp()isa eel-spekific integep sequentesadicating a
hopping pattern which changes foreachrsubframe o @ach-=slot 10ohthe downlink refenence signal. That is,
by changing f1(j) for eaghrcell: itthacomes-possiblestognap the downlink reference signal to a subcarrier

which is different for each cell. The value RO (i) 3y, bea, fixed value 15 indgpengdent of time.When such a

fixed value is set 5 determined by the following equation.

3n forp =0
3+3n for p =1
1+3(imod2) forp=2
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 each cell, the downlink reference signal is mapped while being shifted by the fixed value which is
different for each cell. Fig.1 shows a mapping example of the 20reference signal.Fig.1 shows mapping
(left side) to physical resources when the antenna port number is 0 (p=0) and fh,p(j) is always 0, and
shows mapping (right side) to physical resources when thg antenna port number is 0 (p=0) and fhop(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 dowhlihkSeferenée Sigirtis 36 happedtorkt (K =6 % § 2 (jis-aninteger equal to or
greater than 0)) subcarrier in the firsB@FBM symbol {1=0)s Aceordinglyythieedowhkink téference signal in
LTE is mapped to subcagrersashish are s-4 different fereeachicelt by properly setting fhap()). By
the way, it is being studigd g;@} tg9 user @p%%tgﬁp;gflo(gmso(}ergqgg_%ign\p; 16.QAM and 64 QAM by

using information %f a filxsedava}_jg1 %hi he s aratiq be%vgeeins transmission power per one subcarrier
(transmission power density per unit frequency) o]ffhe downfink rgfcérencepagnapand transmission power
per one subcarrier (traffsmission Fower HeRsity per-Ghit RGtend) Sfidrmiadatd 1bsignal (refer to
non-patent document 3; ferdecarmple) °Thé hormardatansighalfisr as eephysical chanfel, the physical
downlink shared channet PBSCH)ilb is pecessary to performiarplitude estimationifos demodulation of 16

QAM and 64 QAM.It casvhe A3 expected to improve estimation-agcusacy, byperfosming demodulation by
using the knowledge thatipower density, diffsrence hetween tREIGIEIENCE oy cxample) .

The normal data signal is, as a physical channel,
the physical downlink shared channel (PDSCH). It is
necessary to perform amplitude estimation for
demodulation of 16 QAM and 64 QAM. It can be

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.



signal and the data signal is a fixed value.In this case, since transmission power per one 20subcarrier of
the downlink reference signal is 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 range 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 for each OFDM
symbol.Then, there is fear that the ahiplitite €stirh&ofacearaty i§stseeptisié t6 deterioration.Methods
are proposed for setting tramsmissiop powier iof arbrmad33data sigral te dhetconstant in the both time
ranges regardless of wpethes the reference,signalisdncluded in the ORDMsymbalh +6h In one of

the methods, the normal.data signal,is prehibited from being mapped tg &, predetermingd subcarrier in a

time range in whichsthe ownlink refecrence s(legfatl is rgnsmlttead.An 5. datais not ma%pped to the
. .Ada 1S, no m O e redeterminge S carrier. . .
predetermined subcarrler.fy reducing sibcarriers where the data sgnal can be mappedt, transmission

power tensity of the daf&siRdPéan Be THEYeasEd DY that Thiis “ransmission” Boder deRsiy of the data
signal can be kept 10 conReatt re§ardiess efwhethierthe réference sighat isctraiagmitted. This technique is
described in the non-pateptdocumentd3, for examyple. by that. Thus, transmission

power density of the data signal can be kept
10 constant regardless of whether the reference signal
is transmitted. This technique 1is described in the
non-patent document 3, for example.
[Non-patent document 1] 3GPP TR 25.814 (v7.0.0),
“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



[Non-patent document 1] 3GPP TR 25.814 (V7.0.0), "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 25reception side (user apparatus, typically) is based on the
reference signal, the mappirfpasiton has Iafkfereffécts BhGaNNEl RSEmationcelidty: Therefore, it is
necessary to properly setithe posiion cfithe stbcarrierspsohibited subcarrier)i3@ 46 whictf mapping of the
data signal is prohibited irx:responsetg.shift of mapping pasitionof the reference signakin frequency
direction and in response tq hopping,af.the referenge signal in time.axis direction . Hoyeyer, such a
mapping method is535 rvl%ti% eqygte nstudigdicyrroerptlg. he AT OQLeCCt o&t) }herl resent invention is to
provide a base station, a user app%l?atu% dnd’a -6- metﬁoaused orfhemefor p% erly placing prohibited
subcarriers such that tran&hfissiont poiver density of tHe datsCsigAahecdoneéd Constantin'tefims of time, in
a next generation mobile communication system in 5 which mapping position of the reference signal
changes in frequency dirctiontarrl isctimeirectionP MEANS FOR SOLVING THE PROBLEM A base

station apparatus used in the 10 pregenfip¥ention isused g moehile,cammunication system that uses
an()FDNASChem?dnaé¥%@@%¥:9%%ention is used in a mobile communication

system that uses an OFDM scheme in a downlink. The

base station apparatus includes: a unit configured
to perform inverse Fourier transform on a signal in
which a first signal and a second signal is mapped

15 to subcarriers with different transmission power
density, and to generate a transmission signal; and
a transmission unit configured to transmit the
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.



base station apparatus includes: a unit configured to perform inverse Fourier transform on a signal in
which a first signal and a second signal is mapped 15 to subcarriers with different transmission power
density, and to generate a transmission signal; and a transmission unit configured to transmit the
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 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 theHBistEsignalsismmapped. EFFEDT ORATHEINVENTION 30According to the present
invention, prohibited subcarriers canibg, properly arrangedhsueh thatdransmissionpower density of
non-reference signals (fypigally. data signal) hecomes femporally.constant; in a next generation mobile

communication 35 system in which mapping positions ft’ge reference signal changes in the frequency
direction and the tirs'r;we direction. 7%%%% §C:5H§1ccllb 8]9%1?%? WIRGS Fig.lisa

diagram showing a mappig EHEmMpest thé dowiilink refereRee Sigiidiion SYSERJ™2 is a block diagram
showing a configuratior ©f arfAdbile Eommusication Systen? actordimy tsan embodimen? of the present
invention; Fig.3 is a schematig diagrameshawingaa tonfiguratien oflacsubframe; 10Fig.4 is a
diagram showing a mappingiexanmpleef subcarriersfortwo OFDM symbols; Fig.5 is a partial
block diagram showing a base stat'%o[\gqpépqgtu; %clc%gig}g tghaggﬁgg)ogmg%qfntge present invention;

example of subcarriers for two OFDM symbols;

Fig.5 is a partial block diagram showing a
base station apparatus according to an embodiment of
the present 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;



15Fig.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 20configuration of a layer 1 processing unit of the baseband signal processing unit; Fig.7
is a diagram showing a mapping example of subcarriers i the case when transmission power density of
the downlink reference signal is 25 the same as transmission power density of PDSCH,; Fig.8is a
diagram showing a mapping example of subcarriers in the case when transmission power density of the
downlink reference signal is greater thih- ttansraissicht péwer density: sFPBSCIP30 @nd is a diagram
showing a mapping exampleoobsulicarriersifor aniOkEDM Symbote signalkig. 9A is a diagram showing
correspondence relationship between the number-ofpunecturing suheargiers and fhein subearrier numbers;

35Fia.9B is a diagram §QQ‘Q('{‘QO%%’E%§P%%”&§J elationsh gp%%@iee&e@?e%‘ﬁm%@f puncturing

subcarriers and their subcgrner ngg){arn F|g Cis %dla%lgm %howmg ama Plng example
of the downlink reférence S|gnaﬂ 9 al} alrb isa B.a ram-s owing correspon ence relationship

between offset power WW@EH?H@%@Y@H@& Eigiraf aﬁH}EﬁﬁertgﬁnaV %ﬁﬂﬁh@aﬁlﬁ%&t@f giincturing

subcarriers (when the sysSt&m)bandwidth is 5 MHz); Fig.il is a diagram showing correspondence
relationship between offset power betwegenlthe 4 Careferemncersignalvandyother sighad randhthe number of

puncturing subcarriers fwhen the system bandwidth s JO-MEZ)Fignd 24ds @ diagram showing
correspondence ﬁq!atlopgg@r%%tgveegl%ﬁlsaelt poggprojtﬁlggw\éele&g@ reigrgngg esglqqu{ba&d Qtper signal, and
20 MH

the number of puncturln subcarrlerséwhen the s stem bandW|dth
nc uring sub carrle (when the system b hdwidth is

10 MHz) ;
Fig.1l2A is a diagram showing
correspondence relationship between offset power
15 between the reference signal and other signal, and
the number of puncturing subcarriers (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



Fig. 12E is a diagram showing correspondence relationship between the number of 20 puncturing
subcarriers and transmission power value (offset value)of the reference signal; Fig. 13Ais 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

202 transmit and receive antenna
204 amplifying unit
206 transmit and receive unit
208 baseband signal processing unit
5 210 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 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

20 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

25 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

30 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

35 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



102 transmit and receive antenna 104 amplifying unit 106 transmit and receive unit 108 baseband
signal processing unit 35 110call processing unit 112application unit
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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 ¢ontrol unit 300 access gateway apparatus 400
core network 15 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 ehisdirientsith alt of tHe figaresTof expliifing 20reribodieal e same
reference symbols are ased Jorpartshavingythefsaree functibs, and repeated descriptions are not given.
A =bile communication system to which the.base statiopapparatus-ef-amembodiment of the
physical downlink shared channel (PDSCH) that is
5 shared and used by each user apparatus 100,, and a
downlink control channel for LTE are used. The
downlink control channel for LTE is called physical
downlink control channel (PDCCH). The physical
downlink control channel is also called downlink
10 (DL) L1/L2 control channel.
In the uplink, a 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



25 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 30 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, (1001,
1002, 1003, -100,, 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 neBREIk: 490, ThEUser appaf&tts 100} is e6mmuniBathims Withthé base station
apparatus 200 by Evolved: Ud RA andHI ERANL indas celf 50¢ trthissfotlowingy sincesthenaser apparatuses
(1001, 1002, 1003, ...100,) haveithesame cenfigurations inctions aneistatesr a uses@pparatus IMO, is
described unless otheryjse mepfigped. For the,sake of convenience.ef explanation, althoygh the entity
which communicatgs lgéNitha%hde pﬂase %atiogoap%;ﬁqgﬁtug %g dio 1;Fslthe gs%rn%o%atus,f'tn includes a
mobile terminal and a fixed termina?%?oreggenera y. Y e mbbﬁe communication system 1000

can operate with a plurafity of variablé® BERdwRithS A& 15 B eXample; 5MHZAOMHZ and 20MHz are
prepared as the variablesparfdibths: vn Opetatevedry operate oneZdr mbre bandwidths of the variable
bandwidths as system bandpard uthersysiem, dauser can performsgammunicatiorhusing one or more

resource blocks (25 204gsouriceshlocks arg,piepareddn the d MHzsystem band; fargxample). In the
following, since the user ad)ap@gaté@gg a’LpO( 1%18,%11 002, 1003, n.klosql)apg&e éﬁ%ﬁﬁg? configurations,

functions and states, a user 25 aspparatus , Is described unless otherwise mentioned. As
. PRSCH as_a HP 51%al ch%nnef @L—SCH as ﬁ%anﬁp?¥t ..
radio access schemes, the Ttadio com ication system 1000 ts&s oFam (orthogonal frequency division
Iﬂuﬂﬂﬂeﬂng)H]dOMNMﬁHQ%ﬁHel)’ a synchronization channel (SCH or
synchronization signal), a broadcast channel (BCH)

or the like is transmitted. In the frequency

15 direction, M resource blocks (RB) are prepared. As
an example, the 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



30 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 35 carrying data on each frequency band.SC-FDMA is
a transmission scheme that can decrease interference amgng 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 shared and used by each
user apparatus 100, ant& gewntink TontréFchaithel forrPE dre Rised STHE @8R Al control channel for
LTE is called physical downlink-éentsolchasnebRDCEH )ntheophysicdl downlimkicontrohchannel is also
called downlink 10(DL)1,1/k2 contrel.channel. In the uplink, a physical uplink shared channel

(PUSCH) that is shared and used by,each user apparatus 100,;and, a confrol chanpel for L'TE are used.

There are two types ofnl{glinl}ggontrgﬁ channels whi%h are afhggvr}g thalg IS timg-c(i)iyision multiplexed to

the physical uplink shared channel an ae%hzjiﬂné’lhtﬁaﬁsyﬁécﬁenpy-mu fpriexé:d)?o the physical uplink

shared channel.The lattéld8 tahshiitted by d Bafd spedificallYsrepated 20 searately frofthe physical

uplink shared channel.channel may include physical downlink control
channel format indicator, control information for
downlink communication which is downlink scheduling

10 information, and/or control information for uplink
communication. The physical downlink control
channel format indicator indicates that the number
of symbols occupied by the physical downlink control
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.



In the uplink, the uplink control channel for LTE transmits downlink quality information (CQI: Channel
Quiality Indicator) and acknowledgement information (HARQ ACK information) for 23 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 exampler Theaptysicat 33 dovailinkdontrof ehanields mepped 6 Seffe OFDM
symbols from the top opthecene subframe, Thevmaimumi ndmixer of thes OF DIVt symibots:=to which the

-12- physical downlink gentrekchamnnel issmappediis 3i Jhese are three kinds of methods for mapping the

physical downlink control channel, whigh are; mapping, to. an OFDM bol,#1, mapping to OFDM
symbols #1 and R#2, and mapping to OFDM symbols #1, #2 and #3.In Fia.3, the physical downlink
; 5 BEO Syoole (oL 32} 6 et okl

control channel is mapfg:((e)(]iHPcl)J Wo OFBM gfr?ﬂbo “i‘,i%z the topegfotﬁécoeneassu élrrﬁg%hen, in OFDM

symbols to which the phySical'dowhlink EoRttGMeHaNE! is A6 MappRdC 104 daty signal (physical
downlink shared channé¢PDBCHtEsa physicad thannelg DLLSCH asaatrarsport channel), a
synchronization channel(&SGHh 05 synchrenizationcsignal), a breadcast channele(BCH) or the like is

transmitted.In the frequeney d:3direction , Mi resoprce: blocks {RE), are1 prepared:-As an example, the
frequency band pgy one Ig%%g%ggibggck( .EC%S/Q\IKE%) a@géh%ﬁ&%@kl? subcarriers in one resource block.

For the sake of convenience of exg)lanatlon, a resource occu%ylrg% a band of one 20 subcarrier and a
| W

. indicato nd transmissil congr command .
period of one OFDM symbaolis ca ed *FSsoures dlement' THe Rimber M of the féSbutee blocks is 25

when the system bandW®idth is 3 MHz, is 50 when the system bandwidth is 10 MHz, and is 100 when the
system bandwidth is 20 MHz. 25Fig.4'shovsla skibcariermapping example astocORDM symbols #4 and
#5 in the case of the subfraime configurationshowit teFiglddn Figsdavailable for

15 uplink data transmission. The transmission format
information specifies a combination of data
modulation scheme, data size and channel coding
scheme used for uplink communication. The
information of the demodulation reference signal

20 indicates what signal 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



the total number of subcarriers in one OFDM symbol is L, and the subcarriers are numbered in ascending
30frequency 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 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 &6PinfeieratitPitems thatmay be-imefudestlih the giy3icat downlink control channel
is described.The physical dowrdink icontrol eharnel may include physical dawnlink control channel format

indicator, control informatipnsfor doynlink cosemunisationwhich is dawnink seheduling $0information,
and/or control informatiop for. gpl&qlgggmpgléqiggti%wgg physical downlink cantrol %@\5‘@?' format

indicator indicates ghat (t:h%gu becr ofI%(rr]n ccl%figccu '?9 bg/ tshet%@/t&%al dovxénrllnk control channel in one

subframe.The physical downlink 13" control channel format indicator mgx%e caﬁ%éﬁ&ﬁyss}gé} Control

Format Indicator ChanREPTFIEH) Thé Bantrol hfofmaGEH fér dowriink ESrhrfuhication? that is, the
downlink scheduling informatiohthay idclade dowvnlink Teseineedssigrimentliafdrmation, 20 downlink
MIMO information, transmissiendarmat information] retransmissiornearntral information and user

identification information. The, controlinformation-for gewslink .communication may be called
Downlink Scheduling

format indicator, acknowledgment information

(ACK/NACK) for uplink, and the transmission power

control command bit may not be included in the

physical downlink control channel, and may be
defined as a different physical channel

15 which is parallel to the physical downlink control
channel.

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



23 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-antepna communication is performed.The
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 inforf&tiotaherrhystitPARQ pérformed: t B STHE fetPansiissionlcontrol
information may include proeessingmbencneviielata indicator, @nd-thehrumberebtimes of retransmission
sequence. Control infomatien for uplink.conmunicationdynay include uplink seseuree @ssignment
information, transmissign formafdnformation demodulation reference signal %;\fggmation, transmission

power control infor, ation, user |dent|f|%eg£onzlggor%ag@§d ack@o%vled ment 1 mformagon (ACK/NACK) for

. . . rocessin u S rans S10On. rocessin .
uplink, overload indicafor, and tranSmission power control command The uplink résource assignment
information indicates whichf&88urc& Botk is aaildBid #6183 Uphiik datd franSmission. The transmission
format information specifiesascombination of tata modutsticrrsehémer data $ize mandcetrannel coding
scheme used for uplink(cemmunicatiorh €he infermation oktheidernodulation,reference signal 20indicates

what signal is used for the; reference; signal. J-heldransmission powek cantralipformationdndicates how
much .transmissiolrbpqulq{mcgetpe @@y@%ug%@glﬂgre&cm@ iscgg'feig%@tsfgocrg {ransmission power of
sounding reference signal. . ,
downlink control channel is mapped for each subframe,
and performs mapping of the physical downlink
control channel and the physical downlink shared
channel to subcarriers, and performs transmission
15 power 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 signal.
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



23 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. 30The 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 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- t6Risetapparattises of viiercelFeaBedsa predetermied valu&Llthe report is a
signal requesting the userappdratus ofthengther bel ¢ reducei transmissior: pewer.fibe transmission
power control commang-hitiiadicates that next transmissien powver Of the sgunding reference signal

periodically transmitted from, the user apparatus shopld, besincreased or decreased from the current value.

The physical downgink (E%rgtéclglfcahcaennﬂ }O format indicator, acknowledgment information (ACK/NACK) for
uplink, and the transmission power control command bit may not be included in the physical downlink
control channel, and may be defined'a$ a diftereRt ph§sSicaréhatinet 15WhikfA'iS parallettd the physical
downlink control channef.cces s inTheYsdseastation apparatas 200s6f the embodiment of the present
invention is described withrefeterce torFigh5n2@The base station-apgaratus 200 Of the present

embodiment includes a-transmit and receiveantenna 2024 apanplifier unit-204, @-transmit and receive
unit 206, a basebgnd signal processﬂge_urygg%g%cgg ngc%§§ir%glgnggs@b%q&i a trapsmission 25line

interface 212. Packet data to be ,transmlttted f608m the Cl'i)ase s,t%tl%n ag%aratu% 200 to e user apparatus
100, in the downlink is Pnrpou(f?g’ thé Bal8band S|gn%1f prc()%csecsréilngeuni‘f 8 fﬁﬁemearneﬁﬁﬁer Station placed in

30 the upper layer of the'fase*station apparatus 200, that is, from an access gateway apparatus 300, for
example, via the transmission line intérfadea2E®»and signal processing unit 208
includes a layer 1 processing unit 2081, a MAC

15 (Medium Access Control) processing unit 2082, an RLC
processing unit 2083, a subcarrier mapping
determination unit 2084, and a DL transmission power
control unit 2085.

The layer 1 processing unit 2081, the MAC

20 processing unit 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



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 -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 meatioded later, the baseband sigidl procedsing unit 208 detekmines the 10

number of OFDM symbdis taahich the physidaledowidlinkldortrol chaadetisamapped for each subframe,
and performs mapping ©f ¢he physicakbdewnlink-centrelchannel and the physical downlink shared channel

to subcarriers, and performs, transmission 13 pgwer control for the physical ggwpﬁr%g ggntrol channel and
the physical dowanan shared channelJ and the !_Jk% The transmit and r.etceé'\ég3 nit 2 6 Lloéleerforms frequency

. . . S e ’ ocessilin uni in S .
conversion processing for converting the 26 baseband Signal output from the baseband Signal processing
unit 208 into a radio frequents sigriHl 2After thak StheYadit fréqadiidy’ Signal i$Smplified by the amplifier
unit 204 so that the sighalris transnittedysthentrarmsimit &hdireceéelanteana 2021 PEO L the other hand,
as to data to be transmitted fromuthe wser lapparatusniQo; 4o the base statienr apparatds 200 in the uplink,

a radio frequency signalreceived by the jransmit.ang receive antenna 202 is,amplified byithe
30amplification unit 204, .and '@, fr%q_léelqacyt-gqn\éq{geldogy yg%y@{]grin('stne_lrﬁ(:;1 Eeclcei\beégr)lit 206 so that the

signal is converted to a %agseband S|gnal, and the baseband sjgnal is input into the baseband signal
. . 208112, and a reference signal” generdtion unit
processing unit 208.

208114.
The data signal processing unit 20812
includes an encoder 208102A, a data modulator
15 208102B, and an interleaver 208102C. 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.



33The baseband signal processing unit 208 performs FFT processing, IDFT processing, error 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 configuration of the baseband signal processing unit
208 is described with reference to FigiGAhe way, FHé basebard Sighal processitig §hie208 includes a
layer 1 processing uniti208ds asMAChs(Meditn: AcoessConthel) processingrurit 2082, an RLC
processing unit 2083, assuboarrier mapping determinationuait 2084-apd anBLtransmission power control

unit 2085. The layer 1 @r@g@g@ngyrﬂ%@(}%&,ﬁgg MAC 20 progessing, unit 2082, the subcarrier mapping
determination unit 081f and the Dh}ircancsgnigsio power CQCI’It£C)e| unit 2085 in thg baseband signal

processing unit 208, and” tvﬁeevgarlfprocessinré unit 216 are %onnecf%%rv%i?ﬁrégch other. 25The layer 1

processing unit 2081 p&fBfmS thahAgrEoding and IFFT processing for data transmitted by downlink, and
performs channel decoding, IDFT prétessing ant FFT processimg dnd thetike fatddta/tFansmitted by the
uplink.The layer 301 pracessing umnitv2081s mapsdnformationefithe ghysicat downtinkepntrol channel and

the physical downlink shared ghanneldto subgarriershased-an subcarierinfosmation reported from the
subcarrier mapping determination unit,2084.1n an.QEPM S¥MBOL ot ermined
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

15 unit (S/P) 208104 with the reference signal.
Multiplexing can be performed in any scheme of time
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



33 where DL RS is transmitted, the DL RS is mapped to predetermined subcarriers. Processing in the
layer 1 processing 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 ingludes a data signal processing unit 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 (OF) adding unit 10 208110, a digital analog conversion unit
(D/A) 208112, and a reférehée sightal Genepatior thit 208314 fast Fpyg data signal processing unit
20812 includes an encodem2@8102Ara datai modulatorl3 2081 02E fandthandntetleaven2081020. The
reference signal generation uit 208414 includes a multiplier 208114A and a multiplier 208114B.

The data signal processing unit 208102 performs, processing for data signals trapsmitted in 20 the
downlink. The encpder 208102A performs cgann%l codé%g for e(ﬁ,haln.cin%err rtolir ce_ for the data
t symbo 1 ic Pr

. . ransmlssion. n C L1 X to .
signal. Encoding may be per?ormed’ Using'various methods Such as convolution codi g and Turbo coding

and the like which are Weff KRB*h il tHE teéicar2sfietd AhtHe Prés81-embbdfih&nt adaptive
modulation and coding {AMCYeeritral fis perfoemed fer datecsignals, apdch@nnehdodingrate is adaptively
changed according to arpinstiuction éront then MAG preeassing anit 2082a Thedtata modulator 208102B 30

performs data modulation for data s_igﬂalsd&jﬁg &1Prepen gg)dé%ti;gkgqhﬁmg@@h @s/QPSK, 16 QAM
and 64 QAM. In the present embodiment, AMG,cantral Is performed for 295%5'999!353 And modulation

scheme is adaptively chan%ed accordirlg to an instruction from 33the MAC processing unit 2082.The

interleaver 2081020 pe?rrrl]% é)sqarsréﬁéli%g'order of bits included in the data signal according to a
predetermined pattern. -19- The reference signal generation unit

208114 multiplies a reference signal by a random
code sequence which is a first sequence and an

15 orthogonal code sequence which is a second sequence
to prepare the reference signal.

In addition, the layer 1 processing unit
2081 sets transmission power (transmission power
density per unit band or power density per one

20 subcarrier) 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



By the way, although Fig. 6B does not show process elements for control channels, processing similar to
that of data signal processing unit 208102 is performed also for control channels. However, AMC control
may not be performed for control channels. The serial parallel conversion unit (SIP) 208104 converts a
serial signal sequence (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/PP208 204 wittethe referente SigidMWuitipléxify canibe perféfméd i any scheme
of time multiplexing, frecjuemcy multiplexings tinie and freqiiency rauitiplexingsinaaddition to the data
sequence and the refergnge.sigmnal, adroadeasi20-channgl may.he multiplexed. The multiplexing unit
(MJX) 208106 receives mapping infarmation of the referepce signal, the; physigal doynlink control

channel and the physical ovgglink shafreg channleécs)ft e subframe froy th% subcarrier mapping

25determination unit 20%%, S0 tﬁgtn the muﬁ%?esﬁng,uhlotn( %ﬂ%ﬁa %ncualtlﬁtsaxes the data sequence and
the reference signal baS&d o the mMappiny inforiiatioh. PRAGSSthe’muftipléXing Unft (MUYXF208106 maps
the data sequence andtheaeference 30 signaltte the subtalrierasedaors thet iappiny inférmation. The
mapping information ofitherretarencee signat.ctheqphysical domnlinkicontrol channelrard the physical

downlink shared channgl includessinfermation atafteysmentioned DHX 33subgarriesd hagis, the
multiplexing unit (NUX), 208108, dogs, poymap any, sigpal inthe RIX subgcarrier. , o1
that is reported from the user apparatus in the
uplink. Further, assignment of the frequency
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



The inverse fast Fourier transform unit -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 signal into an
analog signal. The reference signal generation unit 208114 multiplies a reference signal by a random
code sequence which iBR5fist 3equéhce andaniE3 BRABGENaISCIUPSEdrehdeewhieh is a second
sequence to prepare theareference sigrad stimaddition, thedayers1 processing:unit 2081 sets transmission
power (transmission powersdensityper unit band or power density per one 20 subcarrier) of a subcarrier

to which the physical downlink contrgl,channel and the p[pgg' %gowggggﬁyggetqggar&@g@re mapped

based on transmisg,ion %)%véer information reported from the DL transmission ch)vsvg1 ggntrol unit
1

t . p t :
2083.Further, the layer psro&ersesslr’lg nit 2081 set$ tr_alnrémcigéﬂl%nlpoor\l/véfre a Subcarrier to which the DL

RS is mapped.The tranSiiis§ORPOWEFST the 'SUbtariért WhAtRIhE BIS RS isShapped ihay be set by
being signaled from anppershode! or araiebe set by referrihg fo afvalie 30stored v tisel base station
apparatus 200 as a parametenbcarrieThe MACHrecessingunitt2082:pedforms downlink data MAC

retransmission control sugh as HAR@-transmission pracessing. seheduling, selaction 33-ghtransmission
format, assignmeng of frequency, resources, andthe like The scheduling)indicates . .

examples for the correspondence relationship are

described later with reference to Fig.9A and the

like.

In the following description, OFDM symbol

15 #4 is presented as an example of an OFDM symbol to
which the downlink 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



processing for selecting a user apparatus which -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 data size is performed based on CQI that is reported from the user apparatus in the uplink.
Further, assignment of #ie freguUBREY FESGUIEeS Hidicgtes Probessing forrdeterhiniag résotitce blocks
(RE) used for transmittimgea tata 23 signal de the Usepappartatus selectechisnthesscheduling. The
determination of the regeuree hlecksisperformad-based enGQI repostad.-fromsthieiuser apparatus in the

uplink, for example. In additign, the MAG pregessing ggit_ gggzgfonlegg%% Equptﬁggcp;_lgggssing of MAC

retransmission congrol f%uplink dataé ?:glirfl((%gllulings SS{alectlon of transmission fo]gmat assignment of

. ja
frequency resources and the ike. The psrgéessn?gn unit 20837 [)eé:rfc?rrrlrles subeartLe

25segmentation/concafefatibhy franemissidn protessing i REEARYEF sUEH &S transmission processing of
RLC retransmission cofifrblMand the like for doWrilinkipacket date whdiperférens dividing/combining,
reception processing ot R Cslayer such asmepeption 36t{processing of RLG retedrismission control and the

like for uplink data.In addifoppthe:RLE processing 4iti2083 may.perform PDGR layes pracessing in
uplink and downlink. The sybcarrigf mapping determinglioq ualt e orbM symbol #4.
Fig.8 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
15 symbol (OFDM symbol #5) to which only the physical
downlink shared channel (PDSCH) is mapped. In this
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



332084 determines subcarriers to which the physical downlink shared channel (PDSCH) is mapped for
each subframe. The determined subcarrier number to which -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 sgpresenting correspondence relationship
among subcarrier numbers of the reference signal, number of after-mentioned DTX subcarriers and the
subcarrier numbers (alternatively, the information may be provided from 10other processing element as
necessary).Concrete egamplesifor tke evfrespoRdence relafidrship e deschbed laterl with reference to
Fig.9A and the like. In thevfollowingstiescriptionz OFDM @ymbal) 13 #4 19 presented as arrexample of an

OFDM symbol to whichsthe-dewnlink referencessignalkandg thenphysical downlink-sharedichannel (PDSCH)

are mapped, and OFDM, symhol #5 is presen g% apexample of an, QFDM;symial to which only the
physical downlink shared ZOChannel‘I ((I%DCPSC aap[%g:)ed S mllar ex Ia,natlon 1S ap %Iled to other oFam

symbols to which the dow¥1llnk rei‘a erence sr%na and the ﬁusmaféownlmk shared channel (PDSCH) are

mapped, and other OF DM SymBof tr WhiEh'Snly The %ﬁ%féal downlink ¥haf&® cRannEr23(PDSCH) is
mapped. Ficr.7 shows azubearriet magpingekamplesstarrOF DV synthot {OFDM symbol #4) to which
the downlink reference signal andrthe iphysical dewmtink shared-clannel (BBSCH)arermapped, and an

OFDM 30 symbol (OFDM-symhol #3) tg which only the-physicaldownlinksshasest channel (PDSCH) is
mapped.In this eﬁ%mplguggggpiséspn pQwer per; gn%ggbgg.mﬁarQ%I%%go%\@lmlélggference signal is the

same as transmission power, per one suE)carrler of the Ifg)ﬁf}/sma downlink shared channel (PDSCH)
In this case, even thougf}f%lspar‘f1 of sﬁtv)vélarlrl%rs RHED bol #ﬁﬂa\ﬁﬁere thd BL RS

subcarrier, which is not the DTX subcarrler, to
which the downlink reference signal is not mapped.
In the OFDM symbol #5, the physical downlink shared
15 channel PDSCH is mapped to every subcarrier.
By providing the DTX subcarrier, as a
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



-23- 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 the physical downlink shared channel
(PDSCH) in the OFDM symbol #3. That is, as shown in thg figure, the subcarrier mapping determination
unit 2084 can map PDSCH to all subcarriers to which the reference 10signal (DL RS) is not mapped in
the OFDM symbol #4. Fig.8 shows a subcarrier mapping example of an OFDM symbol (OFDM symbol
#4) to which the downlipktefereneé sighal ahd the physicar 8eahfiAk shafetechdniel (PPSCH) are
mapped, and an OFDM 13symbol (AEDM syméol #3) tonwhicheonly the physicahdownlink shared channel
(PDSCH) is mapped.Indhiscexample, sransmissionpowes of the-dovwnlinksreference siginal per one

subcarrier is 3dE greatefthan (fwice.as large as) frapsmisgion power of the 29 physical downlink shared
channel (PDSCH) per %r%%ﬁubcargg{. b1 to I {I’(\jlﬁ case, a part of ﬁub arriers in thggorlé M symbol #4
pro

to which DL RS is not mappeéYsI,nset to be subgg{rriers wheré n}/asplpcf% o] 3r(1)¥]dlartla is ibited, so that

transmission power of (e pysical downiink sHaréd chanher(POSEH) pet ote sutsicitrier in the OFDM
symbol #4 is set to be theisame sgthetigismissiohepcwesoitheastysical dowrtinkzhared channel
(PDSCH) per one subcauriera30in ¢lies GRED Mhsymibolr£3. T hat ishas shovarindhedigare, the subcarrier
mapping determinationdunit:2084 sets subgardets touwhich any afithedowalinkiteferencessignal (DLRS)
a”g the_phVSifca' 98W”'%%ha£§_9e°,ha£‘£‘§hﬁf’il9§%a}§ ”9}!521%&%% 33Far example, i0thg ﬁgurﬁ’ ] .
f#e carriersof 6 x n + Zs(unblgaarnrl%ergearoeqv%al (E% Oggg%%tel’lts arpa%%oegc%rrqettg% SBIPB@IITIGI’S to which any o

symbol #4 is the same, transmission power P&mwrneﬂl)

per one subcarrier in the OFDM symbol #4 becomes as

follows.

15 Psubcarrier ) = (20-0.133333x50)/200 = 0.066666.

On the other hand, in the OFDM symbol #5
following the OFDM symbol #4, the reference signal
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) per one subcarrier in the OFDM symbol #5

Psupcarrier
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



-24- 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 puncturing 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 10subcarrier. Then, in the OFDM symbol #4, the
physical downlink shared channel is mapped to a subcarrier, which is not the DTX subcarrier, to which the
downlink reference sigridlds Aot Afepped. n the OFDM syrrbdl W5, THé physicar dowhfink shared 13
channel PDSCH is mappedtaieverysubcatrier, in an BYprovdmgothetDTXsubicatrier, as a result, the
number of subcarriers inthe:@rBM symbel #4 in frig 8whererRDSCH issmappedpecomes less than the

number of subcarriers in_the QFDM symbol #4 20 where; downlink POOCH.is mapped, inyFig.7. Instead,

when total transmisgion _power assigned per one OFDM s¥mbol. IS thebsame betwee Frigs.7 and 8,

transmission power densLllty of the physmaﬁégvlv(relﬁr?k shared’ cﬁéfri{ne?_%a% )€ et to'be the same in any
OFDM 25symbol (#4 irfEy P, ¥4 and 2591 EIG 8) thowederS the féferérice SigRar istfansmitted with
greater power than that'bf.ethef signai)erence syere detdiletdedesttiptionis giverras fotlows. It is
assumed that the maximu SOansmission power Of the base station is 20 W and that the number of all
subcarriers in one OFDM symhg} is; 300, At this time, assuming that transmission power of each

subcarrier is the §%me,1tgan§ggis§i&gagqvg%r, Ps ubcarrjer per one s ggggrlrie{ Is §§regqrg§%gt£ed as follows.
than 0, ngnire 1s an amount set for each cell, and is
a value of 0, 1, ... and 5. More generally, as
described in the “background art”, nghirt 1S
represented as [V + frop(j)] mod 6 (j is the maximum

15 number in integers that does not exceed i/2). The
physical downlink shared channel (PDSCH) is mapped
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



Psubcanier = 20/300 = 0.066666 (W) It is assumed that 50 DTX subcarriers and 50 -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 from the number of all subcarriers.In 10 this case, assuming that transmission power of each
subcarrier to which PDSEH istmapped in the OFDM symbol #4 is the same, transmission now r - -e- -
subcarrier (1) per one subcarrier in the GFBMasymbelwh becomeseassfolldws. 15Psubcarrier (1) =
(20-0.133333x30)/200 £::066666.i0n powen theothechanddn.the QFDM-symbok#5 dallowing the

OFDM symbol #4, the gagg,reepcgesf{gge&lijs 0f mlggpceqagg]&i)Plg§q-lll'és ngg 19 all subcarriers.
Therefore, assumigg thgtvtvrnaﬂsrq}jsséiggrzedp%\@{er of ac@gg%?rrier t%gvthlqchoP eSCH is mapped in the

OFDM symbol #5 is the game, transmission po%lenr subcarrie (Zj)sper one subcarrier in the OFDM

symbol #5 becomes asfoflBRE PSUBEarieY 12) SPsubchrfer £26/300 ¥ 006666623 That is, when
PDSCH is mapped to two=OFPM symbols) transmissionpowerv(densitgafPDSCH in the first OFDM
symbol #4 can be set ta bertheissme astrarsmissionspowerdensiyobPRSCH in the:fallowing OFDM
symbol #5.That is, whegithenuwnber3Q of ORDM symbelsdo whigch PRSGH isdnapped; is two or more, by

decreasing the nLM\berB%ftsubg@g@gﬁi(ggisﬁti%QGTL)( Btélgcaorﬁigrsggg which PDSCH is mapped in the
OFDM symbol #4 in which the DL RS is transmitted, transmission power density of PDSCH can be kept

33 constant in any OFDM $)AiB0IS °4& that Ahplitdae Estithation acttira&P8an belimptoved. Next, it is

described in more detafthow ©26- the'Feférence’sigRal ardtHEDTIESHCAriés &t

limited to be the above value. Other fixed value
may be used.

15 Fig.9A shows correspondence relationship
between the number of puncturing subcarriers and the
subcarrier number. In the figure, X indicates a
subcarrier number of a subcarrier to which a
reference signal is mapped, wherein the reference

20 signal corresponds 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



mapped. Generally, in an OFDM symbol to which the reference signal is mapped, the reference signal is
mapped at a rate of one signal per a predetermined 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 O,
nshift is an amount 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
does not exceed ii2). The'pRysicardowniitiesharedschzine? (PDSTH)isTRapped fo sabcarriers other than
subcarriers to which themefererieersignahis mapped.Assmentioned later,the punetyrirg subcarrier may be
included. 20The transmissiop povver{aeicona: sdbearrier Eranspussion power density pes unit band) of the

physical downlink shared channel (PDSGH) js setto;be g predgtermined value,regardless of whether the
downlink reference5sigq:ael%'sérr]?%arpcpeed in thelOFD|¥Ih2__L3Ss¥rQb}gl to which PDSCH is mapped.The

. h lgnadl. . cause. cnanne .
predetermined value is the same as the transmission power 8en5|ty in t}ﬁe case where the base station

performs transmission @ith MakitimaransmiséionSgoweftatet powen) drd peWEF h&venly distributed in
all 30 subcarriers in thessystem Band: Thersfore, in the OFDMtsymbol iasdsch the downlink reference
signal is transmitted, subcarriers to which 2RSEH-cawbermapped are seducedoaccording:tg transmission

power density of the downlinkreference signal(Qifset 33malue withrespectito-athgr signal).In other
Wordls,_ prohibite.(jl%ch%rlrgeg gg%sgg%qrgi% or pggct%ipg)sgpocgrq%r) (o} g\/hjgﬂ mpg{r&% of PDSCH is
pwombned -27-1s set. 12. More generally, it is preferable that signals
other than the reference signal are mapped to
subcarriers existing between a subcarrier to which
the reference signal is mapped and a puncturing

15 subcarrier as much as possible.

Or, the 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



In the above-mentioned example, transmission power per one subcarrier (transmission power density per
unit band) of the physical 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, transmission 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 value may be used. 13Fig. 9A shows correspondence
relationship between therrtimbef 6R paRctEFing subEaRiers diftithe subcardérngmbef irthe figure, X
indicates a subcarrier numbemefra sulboarrien te whichr alreference sigriad iomapped; wherein the
reference 20 signal corgespandsitera smaller subcarrier number in two reference signals in one resource

block (X =Gm  nshift) Twelve subcartiers are included in;one resourge block,and subcarrier numbers
0,1, 2,.11) are sgt indasgeggioneqdorldgr o}flgre}gggp%\{from the %5|0\Slvugggtr1?rl]%¥:8ide. When a

. d . b
plurality of puncturing subcarriers aré Set per one rasource Block, magplng is carried out Such that

puncturing subcarriers afe BY8AlydistributetP a8 MUéH as PosBible. For eXample! SWhéiT 36 X = 0 and the
number of puncturing stibearriers ¢4 nthielsubcafriér nuymber isiset évery three dulsearriers, like 1, 4, 7,
10.0r, when more thanrtwepanciaring subcatriers are set whan @FBMLsymbobirea resource block, at

least three puncturing sitbcartiers-are,set33:ateven subeardesintenalS.cr numper x1

10 of the reference signal when p = 0 is X1 = 6m +
Nshift, @ Subcarrier number X2 of the reference
signal when p=1 is X2 = 6m+3+ nNgpirt- Thus,
subcarrier numbers of the puncturing subcarriers
when p = 0 include 6m+3+ ngpirft- Fig.9B 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



The mapping example shown in the figure is merely an example. For example, when the number of -28-
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 siggals 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 positions of (X+3) mod 12 and (X+10) mod 12. More generally, it is
preferable that signals bitfertRas f5¢ Fefeferce? SighaPare rappedts subeafiers exXisting between a
subcarrier to which the treferende signal is:mappediandnapuncturingl t8subcardercasimuch as possible.
Or, the subcarrier to which the referencensignal istcmapped angkthepuncturing subcarfigrean be placed

such that position relatiopship of;them or distance between them (subcarrier interval) ig gOgconstant. For

example, as shown5in Fi% Aé St})xudreginln thee%l%l%carrier number as (C)1(+a)tmod lrzm(g iS an integer from O

. . d
to 11), the distance (sul()Dcar]r:ler mterv%l) ecomes a value based on a.Li'%us,obflj ﬁxmgutﬁ(larb%lue of a,

position relationship between 25 the’stbRarriErd8 which thé Peferérice Signaris tiapped and the
puncturing subcarrier ortheé distance (Subcatriersinterval) of thiemPBecames tonstast regardless of the
value of X.In this case, sincexchanrnelestinationcaccusacy éor demedutatingPREEH 30 becomes

constant, more stable transmissionGharacteristics can besebtained. £ rom +nAlteenatively, assuming that
the base station quaragyg@&%igg@&gsa%plé{gglgy of ggg%@@gﬁ 95“%@9151 g}e subcarrier number of the

35 puncturing subcarrier may include a subcarrier number of a subcarrier to which a reference signal is
mapped, which referen%éos(i:gnsasllié1 a%%rrlnitlfé% 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 performing
15 transmission processing and the mobile station
performing reception processing.

The relationship 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



-29- from a transmission antenna which is different from a transmission antenna relating to the puncturing
subcarrier. 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=1is X2 = 6m+3+ rIshiftThus, subcarrier numbers of the puncturing subcarriers when p = 0 include
6m+3+ nsfift.Fig.9B shéws 15corfespondeRee rélativrishiy betwdertthevfimberafpiiictfing subcarriers
and the subcarrier number iV #at case. 20MHz rinstheghovelmentichedtexamplel aumbers of puncturing
subcarriers when p = OdRneludera 20 subgsagier number-ofa subcayrrier to which the reference signal is

mapped when p = 1.Instead of that, slqpcia{g%r' @lémbeﬁszlof gqg%tgriggl%pggrﬂ%s when p = 1 may include
a subcarrier number of a %ubcarr.ier to which the referencg sigr&%! is mfafosped 23\yhen p = 0. When the
subcar thart Igegé et

LD . riers r set suc . value .
number of transmission antennas is ac?uaﬁly two, as s}hown In , N order ?O improve receptlon SIR of

the reference signal, n®SigtfaF is ffansmitted fromra first tranSmiSSIBRB0 AriteRRAdH W itarrier of a
reference signal which s'trapsmitteth frofm aseconrd antema Fegdrdlesstof tramsmission power of the
reference signal.In additios, mocsigpalds transmitted:-frem, thewsecondseansmigsiontantenna in a subcarrier

of a reference 35 signah whichsisdtransmitteshfromehe fisstantennachhus,as showa in g 98, by
configuring the sysiem such,that syhcarrier. pumbers of subcarrers i which: -30m et uring

subcarriers is the same among all resource blocks,
and instead, the offset wvalue can be set as an non-
integer wvalue. For example, Fig.12B shows
transmission power value (offset wvalue) of the

15 reference signal when the number of puncturing
subcarriers set in each resource block is 1, 2, 3, 4,
5 or 6.

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 5OX1X1Olj6”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



the reference signal transmitted by a different transmission antenna is mapped include a puncturing
subcarrier number, it can be avoided that the number of physical resources, more particularly, the number
5 of resource elements is decreased due to puncturing. Also, when the number of transmission
antenna is one, as shown in Fia.93, puncturing subcarrierpumbers can be set by assuming that there are
reference signals transmitted from the second 10transmission antenna.Accordingly, similar processing
can be performed between the case when the number of antenna is one and the case when the number
is two. Thus, it becomezpodsitle (o réddce: Bomplexity (dfthe basesstators apparatds pefforming 15
transmission processingrandsthiecmebile statiomoperforming seceptioreptdoessingber of  The
relationship between thefirst antennasand the seeonds antennacambe@pplied 4@ - r 1 FRIationship between

a third antenna and a fourth 20antenna. Fig.10 shows haw many puncturing subearriers are provided in
what resource block RE for various off%)1 values when the system bandwidth is 5SMHz. The offset value

indicates how muc 25po_?ewceil§ellbr_]y whic t%e_re erence signal is stronéeerrt%a(relroefﬁé:resignal for
transmission.For example? When'the“retérdhte $igndlds transhfitted 3 di nfor@&tfonghthan other signal,
two subcarriers of twelve@sabeéarriers afe seras puacturingsubartiersB0iR evknsiesoutce block.When
the reference signal is transmitted 1108 meofe stronglysthanaothes signal, onenpunctusng subcarrier is set
for each even number respurce- block, and no-pungctudng subgarrier is setinother resource blocks (odd

number resourqel%’Sbloi:gg)z ) 331 fqr, varioys offset v&&té%s when tt}%sgggﬂ%gqmgm (ijﬁ;l.Ol\/l Hz and
20MHz respectively. Configurations of the tables are similar to that in Fl%}oméic In Figs.10 - 12,
) 1| o

since puncturing subcarfiersare Set SUcRIREF the offdet Vallie BELoTEs h é:dﬁE? the number of
puncturing subcarriers ICAGERECSssatif the samé ZMmchg Fésslireé bidtkss FowevefSsuch a setting
method is not essentiakfordse présent imeriont e systean $0 imay be corfiguredsach that the number
of puncturing subcarriets isthesame amongalt resource dfecks, anddnstead, the effset value can be set

as an non-integen yalue..Forexample, £ig.12B.shpws transmission pewer yalug: (pffset value) of the 13

reference signal when %h&qnum@ ggf _guplgy,ringosybgggg%r set in each resource blockis 1, 2, 3,4, 5 or

6. The example Is gés,crl ed in more detall. A case |s’covﬁ1§?ci]eréaein which the system bandwidth
bandwidth is 10 MHz or 20 MHz.
In this case, since the number of

subcarriers to be punctured becomes constant in each

20 resource block, it becomes possible to reduce
complexity of the base station apparatus for
performing transmission processing and the mobile
station for performing reception 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



20is 5MHz (the number of subcarriers is 300, the number of subcarriers of the reference signal is 30, 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 transmission power of an OFDM symbol in which the reference signal is transmitted is
50x1x101-7610+225x1=299198, @l -total thaifsmissiohpowertinmarP©FDM sytfiboltiidvhich the reference
signal is not transmitted is:800x¢ =300 33 Thus rtotal dranssissionmpicwer (inam@FDM isymbol in which
the reference signal is ransmitted,canr beset to bealmost the same-atofaktzansmission power in -32-

an OFDM symbol in which the refergnce. signalis not transmitted. Although, a,casewhere the number of

puncturing subcarrier isﬂl1 in gIaCQSRESiSS ggscri%%% irn tcglg asblc%ve-g})etnglorqgg %ﬁ?&p'@h@ta' transmission 3
power in an OFD symb§1 in wahlcfrf%he referénce signaf]is trﬁ’nsmitteé can be set to be almost the same
as total transmission pAWEF in A OF DM Byl TiF which thd réferefce Sighal isifot transitted similarly
when the number of purRctUring: SEbcarries £0is 2r 3t4d5 pp6sinleagh RE.AVaddition Aol transmission
power in an OFDM syrahieltin wthick éhe teferancessignakisdransmittedcanybe set toalbel almost the same

as total transmission pawer ihan QFRM.symbeldn which the seference signal isnat d3-transmitted
similarly when the §ystq@rg%%qwlggq @notpg{q than,a M Ii-lgyfofg £example, whep )th% system bandwidth is 10

MHz or 20 MHz. In this ase, glanfecﬁt)hvev num ers?lfasruebdcaé lers to.be ug%tgg%%ggcomes constant in each
20resource block, it beEomes possible to reduce complexity orﬁl'l]e base station apparatus for performing

transmission processingSSitr thet=Kile° $talioh fBF pefofmity reteption processing s tanal

is mapped.
The user apparatus 100, of an embodiment
15 of the present invention is described with reference
to Fig.1l3A.
As shown in Fig.13A, the user apparatus
100, includes a transmit and receive antenna 102,
an amplifier unit 104, a transmit and receive unit
20 106, a baseband signal processing unit 108, a call
processing unit 112, and an application unit 112.
As to 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



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 1q 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 33 power density obtained when the base station performs
transmission using the AeaximuntRaAsHission POWEF ratetlsower) ahtllpower 4§ evenly distributed -33-
to all subcarriers in the Bysfeny band O, 1the trarsmissioni pewertpemone:subaarrner@ramsmission power
density per unit band) ¢fithe physicakdewslink sharedchanpelypay heia value otberthan 3 the
transmission power densjty. ohtained when the base station performs transmission using the maximum
transmission power5(rated power) anglpeo q:rElig eve ly %igtrgbeuggq (e} aﬂ nsypc?%ar% (i%r% gwoers /stem band, as
long as the transmission power per one subcarrier O(%ransmlssmn power density per unit band) of the
physical downlink sharéd SRAANEYis CoMéErt refartiess of whetHetthe toliiink Yéfdrefice signal is

mapped. Theasebappardttis A00? of antembediniért I3 efthensteséntiavention is described
with reference to Fig.13A&ocessindAsishawn il Fig tk3A;dhe wser apparatus d00q includes a transmit and

receive antenna 102, ansanplifieramit 104, atransmitandreceive unit 20106 abasehapdsignal
processing unit 108, a cgll pracessing,ynit 142, and ap applicaion Wit 142, 1o+ ransmic
and receive antenna 102.

In addition, the baseband signal
processing unit 108 performs demodulation and
decoding for the physical downlink control channel,

15 and performs processing for obtaining information of
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



As to downlink data, a radio frequency signal received by the transmit and receive antenna 102 is
amplified by the amplifier unit 104, and is 23 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 correctiongdecoding, reception processing of
30retransmission 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
33 from the applicationtiit P2 YT bagébardd Sighal pratessirylunit 108 perforfislttansmission
processing of retransmissiom eonteolt(HAR Q) ntransmissichl 434 =foimmat $electionn channel coding, DFT

processing, IFFT processingsand the likes thentheprocessed sionalk is-trarsfetred to the transmit and
receive unit 106. RThe%m&i&gQg rgceive unit; 106 performs frequency conversion processing for
converting the basgband signal outp Efrom t ba%ebaq{l?ﬁgnal Q]reorcgssin U/BR 19% QHB radio frequency

band. After that, the processed signa IS a?nnpall ied in the mpfifier unit 1 Eand transmitted from the

transmit and receive arftBANE102. i adaRibRd tie BaSeband Sighal frocesshgiint os Performs
demodulation and deccding fdr thetphysichl dowmlink t@nérdl channel, 13 and performs processing for
obtaining information of the physical Tosvritink:control channeland theiphysicalcdovadink-shared

channel.The user appasatus-L00; obtaing beforehand-nformation fincluding information,specifying where
prohibited 20subggyriers are placed) indicating spbcarriers where %g%}pfggry@tiq@hoﬂhe physical downlink

shared . .
10806 performs fast Fourier transform on an input

signal to perform demodulation of OFDM scheme.
The demultiplexing unit (DeMUX) 10808
demultiplexes the reference 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



channel is mapped.The processing for obtaining information of the physical downlink shared channel 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 downlink shared channel and the like. The baseband signal processing unit 108 33includes
analog digital convertePR/D)1D802, BICP Teffovitfgufit 19804 9adadst Fourier transform unit (FFT)
10806, a demultiplexing unit (DeMUXh&0868\cal v35-trmaitiplying uhitsliOB10; rmpmuitiptying unit 10812, a
channel estimation unite10814 & demedulationunit 18816, and,a subgatier nnappigdnformation

management unit 10818. 3The analag digital converter (/D) 10802 converts.an analgg signal of the
received baseband signtarlci)rggo %g!%g' sign%I. The C%F rery%ingt nit 10804 removes CF from a

received signal to obtain an effective ssy?nbso aptalrﬁ " 0T fast Fourier fransform Uit (FFT) 10806 performs

fast Fourier transform gt 8h SRt Sigial toPetfot dEMmbBtfatidnSf OFDM scheme. The
demultiplexing unit (DeMUX) 10808 demuttiglexes i referenicedsignale thee dataisignal 13(user data or
control data) from the reeeivedrsignaluihe demsultplexmngunit {PelX)i HF8AG receives; from the

subcarrier mapping infermation-management Mpit 118, mapping informatian of the reference signal, the
phyﬂcaldomnMnH%onngﬁgggg@egggigg% physical downlink shared channel,

that is, the subcarrier mapping information

management unit 10818 stores information indicating

which subcarrier the reference signal is mapped to

in the subframe, and which subcarrier the physical

15 downlink control channel (control data) and the
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



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 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, 10812 multiply the reference signal by a random code sequence which is a first
sequence and an orthogehal éede Séqliéhce hichiste Secaid 3egueHce. I3TIREERARTel estimation unit
10814 performs channelestimatiorbbased en themeferencde signahwand-determines how channel

compensation should be136sapplied de the recaived data-sigpaknce to Thedemoedulation unit 10816

compensates for the d@t@lsig%a}l_ based,on the channel g_g,tig}@giog}glg]@gg,a@qq)ﬁeg@re@n@e data signal
transmitted 5 from5the I%%ss% staglggi%gparatus 2(%0 thﬁhé&, r%sotgrees user_data or contrtcl,fl1 data. The
i 0 0

: : . ’ le. I
subcarrier mapping information management unit 1 Stores ma%%ﬂﬂg information of the reference

signal, the physical dowWfiikCcoritrsl 10°Eiarial Endthe privsical Gowrifik shared ehanmér that is, the
subcarrier mapping inferrsatibirrrahagefrent it X088 stotes! iformatiors indicating which subcarrier the
reference signal is mappedhtosin the subframe; and whichfsubcargpentheuptiysical 15 downlink control

channel (control data) ang the physicakdewnlinkshared channel fuserdata) ge srapped to. The
subcarrier mapping infeymation manpagement ynit, L0818 reports e M3pRINgG, o tne
base station apparatus 200. In other words, the
user apparatus 100, performs demodulation and
decoding for the physical downlink shared channel by
considering that the physical downlink shared
15 channel is not transmitted in the puncturing
subcarrier described 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 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 RAC message, for example. 25The 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. 30That is, the demultiplexing unit (DeMUX) 10808 performs processing for
demultiplexing the refefeieessigagitand the data signal (user data or control data) while regarding that no
signal is mapped in the DTX subcarrigre 35%hé informatien indicating Whichpsulfcarrier the physical
downlink shared channegk issapped te {inchiding infermation fenspeacifyingsthes37+ pesition of the

prohibited subcarrier) copresponds e the subcarrier pumber.of the puncturingsubcarrier described with
reference to Figs. 9A, 9B, do, 10, 11, 12A and 12E inlthe expLan tion thh% bag,e station apparatus 200,

for example.In other w@rﬂ%?ﬁwsesﬁggr é)ﬁlpaargtu%pf(%, pearYoeans démodulation e%nae decoding for the physical
downlink shared channelirFéorsidération 6ftfe Pincttiting" 2Y *Subcarrier described with reference to
Figs.9A, 9B, 1090, 10, 11, 12A and 12E in theeexplanation of fiwslbage statfon apwaratus 200.1n other
words, the user apparatus: 00 rperformsdemotktation ard decoding forthe physical downlink shared

channel by considering,that the- paysiegl-downlink-sharedil 3 ehannel is pet rangmiitedsin the puncturing
subcarrier descriq%d leg r%fgg%@%%£%5@§..%, 99&*}1%0’ SJDO[j c]a{'r g@éagq lg}lgeinpt[}(;j Ceggiair}%ion of the

base station apparatus 200.The demaqdulation and decodin%lnclude FFTsprocessm of the baseband
subcarrier 1s determined based on the subcarrigér

position of the downlink reference signal. Instead
of that, the puncture subcarrier may be set in the
OFDM symbol in which the physical downlink control

15 channel (PDCCH) is transmitted, and the subcarrier
of the puncturing subcarrier may be determined based
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



20signal 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 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,gne 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 theUitifibéFof transiissicitantenfhalis aeturdiytl, B3 thelk i, Pyregarding that the
subcarrier to which the referenee signad transmitted frone theesécohdtransmissicrs antenna is mapped is
the puncturing -38- subgcaviier: The callpresessipg unit 110 pedferms ypanragementof-cemmunication with

the base station 200, apdthe applicatian,unit 112 performs processing on an upper layer higher than the
physical layer and ghe MAC layer. A Cor_én the QQO\{ -én%ntkoonded exam%f[,)éhe punctugirqg subcarrier is

set in the OFDM symbol in which the Chysmélntg[own:: ink shared ¢ Héenrﬁ%l ?ﬁﬂ)pfé% is transmitted, and

the subcarrier of the punetiiiig StibcattieP iCdétetmineP bassd BRRB StbtarEr usitior of the downlink
reference signal.InsteadoftHat) #e puncture stbearrier may beset i e OFDM syiiisol A which the
physical downlink controhd 3charnel(BDCCH) 49 transmitted, @nehthei subtashierafthespyncturing

subcarrier may be determined based ppdhe sybsarries position,ahthe downlink reference signal. Or, the
puncturing subcarrier rg@%gg set gmtt}geogpg\g %WOA&@QSV&%%ECVFAQYE%EE%Mg 20 transmitted, and

the subcarrier of the puncturing subcarrier may be determined based on the subcarrier position of the

downlink reference sigﬁa wer densginyethe ‘SUbcAfier num ersc%l‘qtrﬁaelpuhtcsfﬁr]l‘r(fg‘i’1 stBearrier is associated
with the 25 subcarrier itihBeffodWRith thé dowilinkYeférdhte sigHat st mapped on a one-to-one basis as
shown in Figs.9A and 9B, the base statioi® apparatds athevsser dppasatusandrthesmethod of the present
embodiment can be applied fariany sequence obthopl) tesedliedence to specific

15 embodiments, the respective embodiments are merely
exemplary, so that a skilled person will understand
variations, modifications, alternatives, and
replacements. While specific numerical value
examples are used to facilitate understanding of the

20 present invention, such numerical values are merely
examples, so that any appropriate value may be used
unless specified otherwise. 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,

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



30in 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. 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 can be
applied to every system using the OFDM scheme in the downlink. 3According to the embodiment of the
present invention, by pepating’corféspondentetelatiohSRipaifiorg ntifdieralocatién, offset value and
the like of the referencesigjnahand:the prohibited subcarrierhehanrgesmskopping @nd offset value of the
reference 10signal canqg-flexiblyisippastetbwhile tramsmission pewerdensity of nen:refgkence signal

(typically, data signal) is kepf cqnstant temporally. As described above, while the present
invention is descrihed with referenceTtﬁ) specmc 1 eml)a%q}nmaen{% th res ctlve embodiments are merely
exemplary, so that a skilled person wi Understan variations, mod |ca éﬁternatlves and

replacements. While spedfic' iuretical valuBE@mples aré %%%ﬁ%%‘&ﬁfé’ie %ﬂﬂéﬁs‘fﬁ‘ﬁ&ﬁﬁ of the 20
present invention, suchirumeficalValtes afe hterelynexarnples? sethifieamy:approptiate value may be
used unless specified atherwise.CGlassifieatiom inta each £mbedimantis not essential in the present

invention, and equal to gsmetesthastwe.embedimenptse23 may; be ¥sgd.as-recassasy.fopgonvenience 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.
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-40- N0.2007-30837, filed in the JPO on February 28, 2007, and the entire contents of the Japanese
patent application N0.2007-30837 are incorporated herein by reference. 3The present international
application claims priority based on Japanese patent dpplication No.2007-71389, filed in the JPO on
March 19, 2007, and the entire contents of the Japanese patent application N0.2007-71389 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 urfit édffigured 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 configuredito transmit the-tkansmissigrasignaldothe tspeappatatus, wherein, even
when the number of fransmission aptenna.of be basestation,apparatiss is.one, dsupearrier in which
mapping of the s congesi%nal(iislerioglibited isldtei%r{%iggd by @ggﬂging%hat tgempgﬂbﬁr of transmission

e bas

antennas of the base station apparatﬁ%rfs two. 2.Th station ap%aratus ds claimed in claim

1, wherefrPReHir§t'<ignal is a downlink reference signal, and the second signal is a physical
downlink shared channel or a physicalr@swnlinkiedritrot ehaaaelred to BeThemase station apparatus
as claimed in claimvz;mekerepuwhen the aumber of the transmissionantennalof she base station

apparatus is one; the hase stationapparatus pynctures & sithgaeriersof the downlinkseference signal to be

transmitted from a §§%%q§g§rg}§sg)pg%rg§gngpg assuming that the downlink reference signal
transmitted from the second transmission antenna exists. 42_. 4. A base station apparatus that

. . ... transmission unit confi red to ransmit . .
performs communication with a user apparatus using orthogona%requency dividion multiplexing (OFDM)
in a downlink, comifrisingS™* S S 1@ geferdtion Uit CdttigiFed tapERdMY tverse Fourier transform on a
signal to which a first signal amd arsetond sigital @re mappedisan@s to génerate a transmission signal; and
a transmission ubit Qosfiguretcto teansmih thestransraissionesignaldodhe sisprapparatus;

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.

2. The base station apparatus as claimed in
claim 1,

wherein the first signal is a downlink
reference signal, and the 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.



wherein the first signal is a downlink reference signal, when the second signal is a physical
downlink control channel, even if the number of transmission antenna of the base station apparatus is
one, a subcarrier in which mapping of the physical doflink 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 pefformscearameinidation withpa usen apparatus asingarthogonal frequency
division multiplexipg{QirDM)- inca dawnlink, cosaprisipg thesstepsofing or pestosming inverse Fourier
transform on a signal, to.which.a fisst signal and a.5econd signatiare mapped;sq 2 q,generate a

transmission signal; and transmitting the transmission signal to the 43 user apparatus, wherein, even
CcO rising,. . . . . .
when the number of transmisgion antenna of the base station apparatus is one, a subcarrier in which

mapping of the second signal s BoHitEd R HetdrhtinEd by &88tRting thatthé Muber of transmission
antennas of the bage statiohapperatusigigéorm on . & polile commiihidation SysEm comprising a
user apparatus anidya dasestationsapparatusithat peormseppraunication with dke eserapparatus using
orthogonal frequeney givisior mutiplexing(OFRMin a downlink, the base station apparatus comprising:

a generation unit configured tq, pgggg’grjﬂvses@%Ilfo&lﬁigt.‘ctréggfﬂ@u%g signal ta which a first signal and a

second signal arghma;geed SO as tooqﬁnerate altr%msm ssion signal; and - transmission unit configured
to transmit the trangmlss%]nsrsnibﬁﬁllto. héuSe? appgrattus?, \}vlﬁeereinafpe%ééﬁawﬁlesd the number of transmission
antenna of the base station appHtafisis ohe, & 'stbtaftief it which mappifiy'df'the second signal is
prohibited is deterdined byassuminag that the number of transmission antennas of the base station
apparatus is two. ABSTRACTwhen tBASEsSBPATICGN PREVICE, USERDBEVIGEJANDLBMETHOD USED IN

MOBILE COMMUMEAJIONSY¥SIEM.cven Arbase statiopapparatys is Ysed i a mobile

communication sia)/r]sig%rfrq I;Qa_to%secsn%n Qan%M Ssch Enoenlna%gg\]/fvglplr&l% Tjhe g%g?_e, station apparatus includes: a
unit configured to perform inverse Fourier transform on a signal in which a first signal and a second
subcarrier 1n 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



signal is mapped to subcarriers with different transmission power density, and to generate a. transmission
signal; and a. transmission unit configured to transmit the transmission signal to a user apparatus. A
subcarrier (prohibited subcarrier) in which mapping oftAe 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. signal. The

prohibited subcarrier is determined based on a subcarrier to which the first signal is mapped. FIG.6B
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.
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ABSTRACT
BASE STATION DEVICE, USER DEVICE, AND METHOD
USED IN MOBILE COMMUNICATION SYSTEM

A base station apparatus is used in a mobile
communication system that uses an OFDM scheme in a
downlink. The base station apparatus includes: a
unit configured to perform inverse Fourier transform
on a signal in which a first signal and a second
signal is mapped to subcarriers with different
transmission power density, and to generate a
transmission signal; and a transmission unit
configured to transmit the transmission signal to a
user apparatus. A subcarrier (prohibited
subcarrier) in which mapping 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 signal. The prohibited
subcarrier is determined based on a subcarrier to

which the first signal is mapped.

FIG.6B



