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DESCRIPTION 

 

TRANSMISSION DEVICE, RECEPTION DEVICE, AND 

METHOD USED IN MOBILE COMMUNICATION SYSTEM USING OFDM 

METHOD 5 

 

TECHNICAL FIELD 

The present invention generally relates to 

mobile communication technologies. More particularly, 

the present invention relates to a transmitting device, 

a receiving device, and a method used in a mobile 

communication system employing orthogonal frequency 

division multiplexing (OFDM). 
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In a third generation mobile communication 

system such as IMT-2000, signals such as pilot signals 

and data signals are transmitted according to code 

division multiple access (CDMA). In such a 

communication system, pilot signals are used for 

channel estimation and play a central role in reception 

quality assurance. Therefore, pilot signals are often 

transmitted with a power level higher than that of 

other signals (power boost). 

Meanwhile, in a future mobile communication 

system succeeding the third generation system, it is 

planned to use a wider frequency band and to use OFDM 

for downlink to improve the quality, speed, and 

capacity of the system (see, for example, 3GPP, 

TR25.814). Also in such a future mobile communication 

system (for example, Long Term Evolution (LTE)), it is 

preferable to improve the accuracy of channel 

estimation based on pilot signals and therefore it is 

-1- DESCRIPTION TRANSMISSION DEVICE, R[]CEPTION DEVICE,
AND  METHOD USED IN MOBILE; COMMUNICATION SYSTEM
US:_NC OFDM  5 METHOD TECHNICAL MELD The present invention
generally relates to  mobile communication technologies. More
particularly,  10 the present invention relates to a transmitting device, a
receiving device, and a method used in a mobile  communication system
employing orthogonal frequency  division multiplexing (OFDM) 1.5
BACKGROUND ART In a third generation mobile communication  system
such as IMT-2000, signals such as pilot signals  and data signals are
transmitted according to code  division multiple access (CDMA). In such a
2_C communication system, pilot signals are used for  channel estimation
and play a central role in reception  quality assurance. Therefore, pilot
signals are often  transmitted with a power level higher than that of  other
signals (power boost). 25 Meanwhile, in a future mobile communication
system succeeding the third generation system, it is  planned to use a
wider frequency band and to use OFDM  for downlink to improve the
quality, speed, and  capacity of the system (see, for example, 3CPP, 30
TR25.814). Also in such a future mobile communication  system (for
example, Long Term, Evolution ( ''E) )  preferable to improve the accuracy
of channel  estimation based on pilot signals and therefore it its -2- 
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preferable to transmit pilot signals with a higher 

power level than that of other signals (such as data 

signals). Pilot signals may also be called, for example, 

reference signals, training signals, and known signals. 

In OFDM, the total power level necessary to 

transmit signals in a time slot is obtained by adding 

up power densities of data mapped to all subcarriers. 

If a total power level Pall exceeds a maximum allowable 

transmission power level P
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MAX of a transmitter, 

undesired distortion is caused in the transmission 

signal. Therefore, the total power level Pall is 

preferably limited to or below the maximum allowable 

transmission power level PMAX. However, while it is 

unknown what types of data signals are to be mapped to 

which subcarriers before the data signals are finally 

determined, it is difficult to limit the total power 

level Pall to or below the maximum allowable 

transmission power level PMAX after the data signals are 

mapped to the subcarriers. 

Also, since it is not necessary to always 

send reference signals, each time slot may or may not 

include reference signals. Therefore, when the 

reference signals are to be sent with a high power 

level, the total power levels Pall necessary for 

respective time slots differ greatly. Here, it may be 

possible to reserve a fairly large margin for the power 

density of data to be mapped to each subcarrier such 

that the total power level Pall of each time slot does 

not exceed the maximum allowable transmission power 

level PMAX. However, this approach may reduce the 

amplification efficiency of a transmission power 

amplifier. 

 

preferable to transmit pilot signals with a higher  power level than that of
other signals (such as data  signals). Pilot signals may also be called, for
example,  reference signals, training signals, and known signals. 5 In OF
DM, the total power level necessary to  transmit signals in a time slot is
obtained by adding  up power densities of data mapped to all subcarriers.
If a total power level Pail exceeds a maximum allowable  transmission
posoer level P1< of a transmitter, 10 undesired distortion is caused in the
transmission  signal. Therefore, the total power level Pall is  preferably
limited to or below the maximum allowable  transmission power level
P:max. However, while it is  unknown what types of data signals are to be
mapped to 15 which subcarriers before the data signals are finally
determined, it is difficult to limit the total power  level- Pall to or below the
maximum allowable  transmission power level Pax after the data signals
are  mapped to the subcarriers. 2_0 Also, since it is not necessary to
always  send reference signals, each time slot may or may not  include
reference signals. Therefore, when the  reference signals are to be sent
with a high power  level, the total power levels Pall necessary for 2.5
respective time slots differ greatly. Here, it may be  possible to reserve a
fairly large margin for the power  density of data to be Trapped to each
subcarrier_ such  that the total power level Pail of each time slot does  not
exceed the maximum allowable transmission power 30 level PMJ.
However, this approach may reduce the  amplification efficiency of a
transmission power  amplifier. 
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DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

One object of the present invention is to 

improve the accuracy of channel estimation as well as 

the transmission power amplification efficiency in a 

mobile communication system employing OFDM. 

5 

 

MEANS FOR SOLVING THE PROBLEMS 

An aspect of the present invention provides a 

transmitting device for sending a transmission signal 

modulated according to OFDM. The transmitting device 

includes a transmission signal generating unit 

configured to generate a transmission signal by 

inverse-Fourier-transforming reference signals and data 

signals mapped to subcarriers and a transmitting unit 

configured to wirelessly transmit the transmission 

signal. In the transmitting device, a total power level 

allocated to signals to be transmitted in a time slot 

is equal to a total power level allocated to signals to 

be transmitted in any other time slot, and a power 

density per unit bandwidth of the reference signals is 

greater than a power density per unit bandwidth of the 

data signals. 
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ADVANTAGEOUS EFFECT OF THE INVENTION 25 

30 

An aspect of the present invention makes it 

possible to improve the accuracy of channel estimation 

as well as the transmission power amplification 

efficiency in a mobile communication system employing 

OFDM. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial block diagram 

-3- DISCLOSURE OF INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION   One object of the present invention is to  improve the
accuracy of channel estimation as well as  5 the transmission power
amplification efficiency in a  mobile communication system employing
OFDM. MEANS FOR SOLVING THE PROBLEMS An aspect of the
present invention provides a  1.0 transmitting device for sending a
transmission signal  modulated according to OFDM. The transmitting
device  includes a transmission signal generating unit  configured to
generate a transmission signal by  inverse-Fourier-transforming reference
signals and data 1.5 signals mapped to subcarriers and a transmitting unit
configured to wirelessly transmit the transmission  signal. In the
transmitting device, a total power level  allocated to signals to be
transmitted in a time slot  is equal to a total power level allocated to
signals to 20 be transmitted in any other time slot, and a power  density
per unit bandwidth of the reference signals -is  greater than a power
density per imi-t bandwidth of -he  data signals. ?_5 ADVANTAGEOUS
EF''FECT CIF THE INVENTION An aspect of the present invention makes
it  possible to improve the accuracy of channel estimation  as well as the
transmission power amplification  efficiency in a mobile communication
system employing  30 OFDM. BRIEF DESCRIPTION OE' THE
DRAWINGS FIG. 1 is a partial block diagram 
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illustrating a transmitting device according to an 

embodiment of the present invention; 

FIG. 2 is a partial block diagram 

illustrating a receiving device according to an 

embodiment of the present invention; 5 

10 

15 

FIG. 3 is a drawing illustrating adjusted 

power densities according to a first embodiment of the 

present invention; 

FIG. 4 is a drawing illustrating adjusted 

power densities according to a second embodiment of the 

present invention; and 

FIG. 5 is a drawing showing a method where 

unused power for a null subcarrier is allocated to 

reference signals. 

 

EXPLANATION OF REFERENCES 

11   Mapping unit 

12   Inverse fast Fourier transform (IFFT) unit 

13   Guard interval adding unit (+CP) 

14   Power density control unit 20 

25 

15, 16   Power density setting unit 

21   Cyclic prefix removing unit (-CP) 

22   Fast Fourier transform (FFT) unit 

23   Demapping unit 

24   Channel estimation unit 

25   Channel decoding unit 

 

BEST MODE FOR CARRYING OUT THE INVENTION 

In an OFDM transmitting device according to 

an embodiment of the present invention, transmission 

power is controlled such that a total power level 

allocated to signals to be transmitted in a time slot 

equals a total power level allocated to signals to be 

30 

-4- illustrating a transmitting device according to an  embodiment of the
present invention; FIG. 2 is a partial block diagram  illustrating a receiving
device according to an  5 embodiment of the present invention; FIG. 3 s a
drawing illustrating adjusted  power densities according to a first
embodiment of the  present invention; FIG. 4 is a drawing illustrating
adjusted  1.0 power densities according to a second embodiment of the
present invention; and FIG. 5 is a drawing showing a method where
unused power for a null subcarrier is allocated to  reference signals. 1.5
EXPLANATION OF REFERENCES  11 Mapping unit 12 Inverse fast
Fourier transform. (IFFT) unit  13 Guard interval adding unit (+CP) 2_0 14
Power density control unit 15, 16 Power density setting 1M.1 2 1 Cyclic
prefix removing unit (-CP)  22 Fast Fourier transform. (FE-1) unit  23
Demapp;:_ng unit 25 24 Channel estimation unit  25 Channel decoding
unit BEST MODE FOR CARRYING OUT 'T. HE INVENTION In an OFDM
transmitting device according to  30 an embodiment of the present
invention, transmission  power is controlled such that a total power level  
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transmitted in any other time slot, and the power 

density per unit bandwidth of a reference signal is set 

greater than that of a data signal. This configuration 

makes it possible to equalize the total transmission 

power level of all time slots and thereby to improve 

the power amplification efficiency. Also, with this 

configuration, since a reference signal is transmitted 

with a higher power level than that of other signals, 

it is possible to improve the accuracy of channel 

estimation. Power information indicating the 

transmission power level of reference signals may be 

sent to a receiving device as L1/L2 control information 

(lower layer control information), broadcast 

information (BCH), or L3 control information (higher 

layer control information). Alternatively, the 

transmission power level of reference signals may be 

set at a fixed value for a system so that it is not 

necessary to send the power information each time. 
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According to another embodiment of the 

present invention, mapping of a data signal to a 

predetermined subcarrier is prevented in a time slot 

where a reference signal is to be transmitted. This 

configuration makes it possible to equalize the power 

density per unit bandwidth of data signals to be 

transmitted in different time slots regardless of 

whether a reference signal is to be transmitted in the 

respective time slots. In other words, this 

configuration makes it possible to equalize the 

transmission power density of data signals in all time 

slots. This in turn eliminates the need for the 

receiving end to have multiple sets of likelihood 

information for data signals for respective 

transmission power levels. Power information indicating 

allocated to signals to be transmitted in a time slot  equals a total power
level allocated to signals to be -5- transmitted in any other time slot, and
the power  density per unit bandwidth of a reference signal is set  greater
than that of a data signal. This configuration  makes it possible to equalize
the total transmission 5 power level of all time slots and thereby to
improve  the power amplification efficiency. Also, with this  configuration,
since a reference signal. is transmitted  with a higher power level than that
of other signals,  it is possible to improve the accuracy of channel 10
estimation. Power information indicating the  transmission power_ level of
reference signals may be  sent to a receiving device as L1/'11 control
information  (lower layer control information), broadcast  information
(BCH), or Lcontrol information (higher 15 layer control information).
Alternatively, the  transmission power_ level of reference signals may be
set at a fixed. value for a system so that it is not  necessary to send the
power information each time. According to another embodiment of the  20
present invention, mapping of a data signal to a  predetermined subcarrier
is prevented in a time slot  where a reference signal is to be transmitted.
This  configuration makes it possible to equalize the power  density per
unit bandwidth of data signals to be 25 transmitted in different time slots
regardless of  whether a reference signal is to be transmitted in the
respective time slots. 1n other words, this  configuration makes it possible
to equalize the  transmission power density of data signals in all time 
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the subcarriers to which mapping of data signals is 

prevented may be sent to a receiving device as L1/L2 

control information (lower layer control information), 

broadcast information (BCH), or L3 control information 

(higher layer control information). Alternatively, the 

subcarriers may be fixed for a system so that it is not 

necessary to send the power information each time. 
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Although the present invention is described 

below in different embodiments, the distinctions 

between the embodiments are not essential for the 

present invention, and the embodiments may be 

implemented individually or in combination. 

 

<FIRST EMBODIMENT> 

FIG. 1 is a partial block diagram of an OFDM 

transmitting device according to an embodiment of the 

present invention. Typically, the transmitting device 

is provided in a base station in a mobile communication 

system employing OFDM for downlink. Alternatively, the 

transmitting device may be provided in any other 

apparatus employing OFDM for transmission. As shown in 

FIG. 1, the transmitting device includes a mapping unit 

11, an inverse fast Fourier transform (IFFT) unit 12, a 

guard interval adding unit (+CP) 13, a power density 

control unit 14, and power density setting units 15 and 

16. 

The mapping unit 11 maps power-density-

adjusted reference signals and power-density-adjusted 

data signals to multiple subcarriers arranged along the 

frequency axis. Typically, signals such as reference 

signals and data signals are mapped to subcarriers as 

in FIG. 1. However, other signals such as control 

signals may also be mapped to subcarriers. 

30 sots. Phis in turn eliminates the need for the  receiving end to have
multiple sets of likelihood  information for data signals for respective
transmission power levels. Power information indicating -6- the
subcarriers to which mapping of data signals is  prevented may be sent to
a receiving device as L1/L2  control information (lower layer control
information),  broadcast information (BCH), or L3 control information 5
(higher layer control information). Alternatively, the  subcarriers may be
fixed for a system so that it is not  necessary to send the power
information each time. Although the present invention is described  below
in different embodiments, the distinctions  1.0 between the embodiments
are not essential for the present invention, and the embodiments may be
implemented individually or in combination. <FIRST EMBODIMENT> 15
FIG. 1 is a partial block diagram of an OFDM  transmitting device
according to an embodiment of the  present invention. Typically, the
transmitting device  is provided in a base station in a mobile
communication  system employing OFDM for downlink. Alternatively, the
20 transmitting device may be provided in any other  apparatus employing
OFDM for transmission. As shown in  FIG. 1, the transmitting device
includes a mapping unit  11, an inverse fast Fourier transform (IFFT) unit
12, a  guard interval adding unit (+(P) 13, a power density 25 control unit
14, and power density setting units 15 and  1.6. The mapping unit 11
maps power-density- adjusted reference signals and
power-density-adjusted  
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The inverse fast Fourier transform (IFFT) 

unit 12 inverse-fast-Fourier-transforms the mapped 

signals and modulates the transformed signals according 

to OFDM to generate effective symbols in transmission 

symbols. 5 

10 
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The guard interval adding unit (+CP) 13 

attaches guard intervals to the OFDM-modulated signals 

(at this stage, to the effective symbols) and thereby 

generates OFDM symbols constituting a transmission 

signal. The transmission signal is transmitted 

wirelessly by a component not shown. The guard interval 

is also called a cyclic prefix and is generated by 

duplicating a part of an effective symbol in a 

transmission symbol. 

For brevity, components such as a serial-

parallel converter (S/P) and a parallel-serial 

converter (P/S) are omitted in FIG. 1. However, a 

person skilled in the art may understand that such 

components are provided together with the mapping unit 

11 and the IFFT unit 12 as necessary. 

The power density control unit 14 determines 

the power density (power density per unit bandwidth) of 

data to be mapped to respective subcarriers. “Data” in 

this case refer to reference signals and data signals. 

In this embodiment, as described later, the power 

density is adjusted such that the total power levels 

Pall necessary to transmit signals become substantially 

the same in all time slots. 

The power density setting unit 15 adjusts the 

power density of reference signals according to a 

request from the power density control unit 14. 

The power density setting unit 16 adjusts the 

power density of data signals according to a request 

data signals to multiple subcarriers arranged along the 30 frequency axis.
Typically, signals such as reference  signals and data signals are mapped
to subcarriers as  in FIG. 1. However, other signals such as control
signals may also be mapped to subcarriers. -7- The inverse fast Fourier
transform (IFFY) unit 1.2 ,:_nverse-fast Fourier transforms the mapped
signals and modulates the transformed signals according  to GFDM to
generate effective symbols in transmission  5 symbols. The guard interval
adding unit (+CP) 13  attaches guard intervals to the OFDM-modulated
signals  (at this stage, to the effective symbols) and thereby  generates
OFDM symbols constituting a transmission 10 signal. The transmission
signal is transmitted  wirelessly by a component not shown. The guard
interval  is also called a cyclic prefix and is generated by  duplicating _
part of an effective symbol in a  transmission symbol. 15 For brevity,
components such as a serial- parallel converter (S/P) and a parallel-serial
converter (P/S) are omitted in FIG. However, a  person skilled in the art
may understand that such  components are provided together with the
mapping unit  2_0 11 and the IFFT unit 12 as necessary. The power
density control unit 14 determines  the power density (power density per
unit bandwidth) of  data to be mapped to respective subcarriers. "Data" in
this case refer to reference signals and data signals. 25 In this
embodiment, as described later, the power  density is adjusted such that
the total power levels  
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from the power density control unit 14. 

FIG. 2 is a partial block diagram 

illustrating an OFDM receiving device. Typically, the 

receiving device is provided in a user device in a 

mobile communication system employing OFDM for downlink. 

Alternatively, the receiving device may be provided in 

any other apparatus employing OFDM for transmission. As 

shown in FIG. 2, the receiving device includes a cyclic 

prefix removing unit (-CP) 21, a fast Fourier transform 

(FFT) unit 22, a demapping unit 23, a channel 

estimation unit 24, and a channel decoding unit 25. 

5 

10 

15 

20 

25 

30 

The cyclic prefix removing unit (-CP) 21 

removes guard intervals from OFDM symbols in a received 

signal and thereby extracts effective symbols from the 

received signal. 

The fast Fourier transform (FFT) unit 22 

fast-Fourier-transforms the effective symbols in the 

received signal and thereby demodulates the effective 

symbols according to OFDM. 

The demapping unit 23 separates reference 

signals and data signals from the demodulated signal. 

The channel estimation unit 24 performs 

channel estimation based on the separated reference 

signals and thereby determines channel compensation 

parameters for the data signals. In this embodiment, 

the channel estimation unit 24 performs channel 

estimation based on power information indicating the 

power density of the reference signals sent from the 

transmitting end. The power information may be sent 

from the transmitting device of FIG. 1 to the receiving 

device of FIG. 2 via a control signal, or sent as 

broadcast information (BCH) or layer 3 information. 

The channel decoding unit 25 decodes the data 

Pall necessary to transmit signals become substantially  the same in all
time slots. The power density setting unit 15 adjusts the  30 power density
of reference signals according to a  request from the power density control
unit 14. The power density setting unit 16 adjusts the  power density of
data signals according to a request -8- from the power density control unit
14. FIG. 2 is a partial block diagram  illustrating an OFDM receiving
device. Typically, the  receiving device is provided in a user device in a 5
mobile communication system employing OFDM for downlink.
Alternatively, the receiving device may be provided in  any other
apparatus employing OFDM for transmission. As  shown in FIG. 2, the
receiving device includes a cyclic  prefix removing unit (-CP) 21, a fast
Fourier transform 10 (FFT) unit 22, a demapping unit 23, a channel
estimation unit 24, and a channel decoding unit 25. The cyclic prefix
removing unit (-CP) 21  removes guard intervals from OFDM symbols in a
received  signal and thereby extracts effective symbols from the  15
received signal. The fast Fourier transform (FFT) unit 22
fast-Fourier-transforms the effective symbols in the  received signal and
thereby demodulates the effective  symbols according to OFDM. 20 The
demapping unit 23 separates reference  signals and data signals from the
demodulated signal.  The channel estimation unit 24 performs channel
estimation based on the separated reference  signals and thereby
determines channel compensation  
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signals while performing channel compensation based on 

the channel estimation results and outputs the decoded 

data signals to a subsequent processing unit (not 

shown). 

As in FIG. 1, components such as a serial-

parallel converter (S/P) and a parallel-serial 

converter (P/S) are omitted in FIG. 2 for brevity. 

However, a person skilled in the art may understand 

that such components are provided together with the FFT 

unit 22 and the demapping unit 23 as necessary. 
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An exemplary process is described below. The 

transmitting device of FIG. 1 transmits transmission 

signals each including a predetermined number of OFDM 

symbols sequentially at a predetermined interval. The 

predetermined interval may be called a time slot or a 

transmission time interval (TTI). In this embodiment, 

the power density control unit 14 controls the power 

density such that substantially the same total power 

level is allocated to signals transmitted in any time 

slot. 

FIG. 3 is a schematic diagram showing power-

density-controlled reference signals and power-density-

controlled data signals mapped to subcarriers on the 

frequency axis. FIG. 3 corresponds to an output from 

the mapping unit 11 of FIG. 1. Labels t1, t2, t3, and 

t4 on the time axis indicate four time slots. Labels f1, 

f2, f3, f4, f5, and f6 on the frequency axis indicate 

six subcarriers. In each of the time slots t1 and t4, a 

reference signal and data signals are frequency-

multiplexed. In the time slots t1 and t4, the power 

density of the data signals is set at PL and the power 

density of the reference signals is set at Pref. In the 

time slots t2 and t3, no reference signal is 

25 parameters for the data signals. In this embodiment, the channel
estimation unit 24 performs channel  estimation based on power
information indicating the  power density of the reference signals sent
from the  transmitting end. The power information may be sent 30 from the
transmitting device of FIG. to the receiving  device of FIG. 2 via a control
signal, or sent as  broadcast information (BCH) or layer 3 information. The
channel decoding unit 25 decodes the data -9- signals while performing
channel compensation based on  the channel estimation results and
outputs the decoded  data signals to a subsequent processing unit (not
shown). 5 As in FIG. 1, components such as a serial- parallel converter
(S/P) and a parallel-serial  converter (PIS) are omitted in FIG. 2 for brevity.
However, a person skilled in the art may understand  that such
components are provided together with the FF'T  10 unit 22 and the
demapping unit 23 as necessary. An exemplary process is described
below. The  transmitting device of FIG. 1 transmits transmission  signals
each including a predetermined number of OFDM  symbols sequentially at
a predetermined interval. The 15 predetermined interval may be called a
time slot or a  transmission time interval (III). In this embodiment,  the
power density control unit 14 controls the power  density such that
substantially the same total power  level is allocated to signals transmitted
in any time  20 slot. FIG. 3 is a schematic diagram showing power-
density-controlled reference signals and power-density- 
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multiplexed. The power density of data signals in the 

time slots t2 and t3 is set at PH. In this embodiment, 

power densities are adjusted such that total power 

level Pall(t1)=5xPL+Pref necessary to transmit signals 

in the time slot t1 equals total power level 

Pall(t2)=6xP
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H necessary to transmit signals in the time 

slot t2. In other words, power densities are adjusted 

such that the total power levels of all time slots are 

equalized: 

Pall(t1)=Pall(t2)=Pall(t3)=Pall(t4)= … 

 

After the power densities and the total power 

levels are adjusted, the transmission signals are sent 

from the transmitting device of FIG. 1 and received by 

the receiving device as shown in FIG. 2. Here, first 

power information indicating the difference between the 

transmission power density Pref of the reference 

signals and the transmission density of other signals 

is sent to the receiving device. If the first power 

information is frequently changed, the information may 

be sent via a lower-layer control signal such as an 

L1/L2 control signal. If the first power information is 

changed at comparatively long intervals, the 

information may be sent as L3 signaling information or 

broadcast information (BCH). Also, if the first power 

information is fixed in the system, there is no need to 

send the first power information each time. In any case, 

it is possible to accurately perform channel estimation 

by comparing the power density Pref with the reception 

power of the reference signal. 

Thus, the first embodiment makes it possible 

to adjust power densities such that the total power 

levels Pall of all time slots are equalized. This in 

controlled data signals mapped to subcarriers on the  frequency axis. I, G.
3 corresponds to an output from 25 the mapping unit 11 of FIG. 1. Labels
t1, t2, t3, and  t4 on the time axis indicate four time slots. Labels fl,  f2, f,
f4, `5, and f6 on the frequency axis indicate  six subcarriers. In each of the
time slots t1 and t4, a  reference signal and data signals are frequency 30
multiplexed. In the time slots tI and t4, the power  density of the data
signals is set at Pi, and the power  density of the reference signals is set
at Pref. In the  time slots t2 and t3, no reference signal is -10- multiplexed.
The power density of data signals in the  time slots t2 and If its set at P. In
-h-is embodiment,  power densities are adjusted such that total power
level Pall(tl)=5xPI,+Pr_ef necessary to transmi_r_ signals 5 in the time slot
tl equals total power level  Pall(t_2)=6xP" necessary to transmit signals in
the time  slot t2. In other words, power densities are adjusted  such that
the total power levels of all time slots are  equalized: 10 Pal
l(tl)=Pall(t2)=Pall(t3)=Pall(t4)= ... After the power densities and the total
power  levels are adjusted, the transmission signals are sent  from the
transmitting device of FIG. 1 and received by 15 the receiving device as
shown in FIG. 2. Here, first  power information indicating the difference
between the  transmission power density Prof of the reference  signals
and the transmission ansmissi_on density of other signals is sent to the
receiving device. If the first power  20 information is frequently changed,
the information may  be sent via a lower-layer control signal such as an  
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turn makes it possible to send reference signals with a 

higher power level than that of other signals and 

thereby to accurately perform channel estimation. 

The numbers of subcarriers and time slots in 

the above descriptions are just examples used for 

descriptive purposes. In practice, signals are 

transmitted using large numbers of subcarriers and time 

slots. In FIG. 3, for brevity, only one reference 

signal is mapped to one time slot. However, any number 

of reference signals may be mapped to one time slot. 

Also, the present invention may be applied to a case 

where signals, such as control signals, are mapped in 

addition to reference and data signals. 
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<SECOND EMBODIMENT> 

In the first embodiment, signals are mapped 

to all subcarriers and the power densities of the 

signals are adjusted such that the total power levels 

Pall of all time slots are equalized. For this reason, 

the power density PL of data signals in the time slots 

t1 and t4 is different from the power density PH of 

data signals in the time slots t2 and t3 (PL<PH). 

Therefore, in the first embodiment, the likelihood 

(likelihood information) of data signals transmitted 

with the power density PH is different from the 

likelihood (likelihood information) of data signals 

transmitted with the power density PL. Strictly 

speaking, this in turn makes it necessary to provide 

different sets of likelihood information for the data 

signals with the power density PH and the data signals 

with the power density PL and therefore complicates the 

decoding process. A second embodiment of the present 

invention tries to solve or reduce this problem. 

L1/L2 control signal. If the first power information is  changed at
comparatively long intervals, the  information may be sent as L3 signaling
information or 2.5 information (BCH). Also, if the first power  information is
fixed in the system, there is no need to  send the first power information
each time. In any case,  it is possible to accurately perform channel
estimation  by comparing the power density Prof with the reception  30
power of the reference signal. Thus, the first embodiment makes it
possible  to adjust power densities such that the total power  levels Pall of
all time slots are equalized. This in -11- turn makes it possible to send
reference s,:_gnals with a  higher power level than that of other signals
and  thereby to accurately perform channel estimation. The numbers of
subcarriers and time slots in  5 the above descriptions are just examples
used for  descriptive purposes. In practice, signals are  transmitted Using
1_ar_ge numbers of subcarri_ers and time  slots. In FIG. 3, for brevity,
only one reference  signal is mapped to one time slot. However, any
number 10 of reference signals may be mapped to one time slot.  Also,
the present invention may be applied to a case  where signals, such as
control signals, are mapped in  addition to reference and data signals. 1.5
<SECOND FMB(D]_)IMENT> In the first embodiment, signals are mapped
to all subcarriers and the power densities of the  signals are adjusted such
that the total power levels  Pall of all time slots are equalized. For this
reason, 2_C he power density density PL of data signals :_nt_he time
slots 
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FIG. 4 is a drawing illustrating adjusted 

power densities according to a second embodiment of the 

present invention. As in the first embodiment, the 

power densities are adjusted such that the total power 

levels Pall of all time slots are equalized. The second 

embodiment is different from the first embodiment in 

that a subcarrier to which no signal is mapped is 

present in a time slot including a reference signal. As 

indicated by dotted lines forming cuboids, the power 

levels of the subcarrier f1 in the time slot t1 and the 

subcarrier f1 in the time slot t4 are zero and no 

signal is mapped to those subcarriers. Meanwhile, the 

power densities of all data signals mapped to 

subcarriers are the same (P

5 

10 

15 

20 

25 

30 

H). In this embodiment, as 

shown in FIG. 4, the power density Pref of reference 

signals is represented by Pref=PH+PH=2xPH. The total 

power level Pall of the time slots t2 and t3 is 

represented by Pall(t2)=Pall(t3)=6xPH, and the total 

power level Pall of the time slots t1 and t4 are 

represented by Pall(t1)=Pall(t4)=4xPH+(2xPH)=6xPH. Thus, 

in this embodiment, mapping of signals to one or more 

subcarriers is prevented in a time slot including a 

reference signal, and the unused power for the 

subcarriers is allocated to the reference signal. This 

makes it possible to transmit a reference signal with a 

higher power level than that of other signals while 

keeping the total power level Pall constant. 

In this case, second power information 

indicating subcarriers (hereafter called “null 

subcarriers”) to which no signal is mapped is sent to 

the receiving device. If the second power information 

is frequently changed, the information may be sent via 

a lower-layer control signal such as an L1/L2 control 

r_1 and t4 is different from the power density PH of  data signals in the
time slots t2 and t3 (PL<PH)  Therefore, in the first embodiment, the
likelihood  (likelihood information) of data signals transmitted 2.5 with the
power density PH is different from. the  likelihood (Likelihood reformation)
of data signals  transmitted with the power density P. Strictly  speaking,
this in turn makes it necessary to provide  different sets of likelihood
information for the data 30 signals with the power density PH and the data
signals  with the power density PL and therefore complicates the
decoding process. A second embodiment of t_'he present  invention tries
to solve or reduce this problem. -12- FIG. 4 is a drawing illustrating
adjusted power densities according to a second embodiment of the
present invention. As in the first embodiment, the  power densities are
adjusted such that the total power 5 levels Pall of all time slots are
equalized. The second  embodiment is different from the first embodiment
in  that a subcarrier to which no signal is mapped is  present in a time slot
including a reference signal. As  indicated by dotted lines forming cuboids,
the power 1.0 levels of the subcarrier f1 in the time slot t1 and the
subcarrier fl in the time slot t4 are zero and no  signal is mapped to those
subcarriers. Meanwhile, the  power densities of all data signaIs mapped to
subcarriers are the same (PH). in this embodiment, as 1.5 shown in PIG.
4, the power density Pref of reference  signals is represented by Pref
Ph+P =2_xPh. The total  power level Pall of the time slots t2 and t3 is
represented by Pall (t_2)-Pal l_(t3)=6xPy, and the total  
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signal. If the second power information is changed at 

comparatively long intervals, the information may be 

sent as L3 signaling information or broadcast 

information (BCH). Also, if the second power 

information is fixed in the system, there is no need to 

send the second power information each time. The number 

of null subcarriers may be changed according to the 

need. The positions of the null subcarriers may be 

fixed, or may be changed as time passes or according to 

a hopping pattern designed to change the positions of 

the null subcarriers in the frequency direction and/or 

the time direction. 

5 

10 

15 

20 

25 

30 

In the example shown in FIG. 4, the power 

density Pref of a reference signal is represented by 

Pref=PH+PH. Alternatively, as shown in FIG. 5, the power 

density Pref may be a sum of PH and a fraction of PH 

(for example, Pref=(3/2)xPH). That is, the number of 

null subcarriers can be determined according to the 

transmission power level of reference signals. 

As described above, the second embodiment 

makes it possible to send reference signals with a 

higher power level than that of other signals and to 

make the power density of data signals constant while 

equalizing the total power levels Pall of all time 

slots. Thus, the second embodiment makes it possible to 

provide advantageous effects of the first embodiment 

without increasing the number of sets of likelihood 

information for data signals. 

The present invention is not limited to the 

specifically disclosed embodiments, and variations and 

modifications may be made without departing from the 

scope of the present invention. Although specific 

values are used in the above descriptions to facilitate 

power level Pall of the time slots tl and t4 are 20 represented by
Pall(tl)-Pall (t4)=4xP,+(2xP,)=6xPH. Thus,  in this embodiment, mapping
of signals to one or more  subcarriers is prevented in a time slot including
a  reference signal, and the unused power for the  subcarriers is allocated
to the reference signal. This 2.5 makes it possible to transmit a reference
signal with a  higher power level than that of other signals while  keeping
the total power level Pall constant. In this case, second power information
indicating subcarriers (hereafter called "null  30 subcarriers") to which no
signal is mapped is sent to the receiving device. If the second power
information  is frequently changed, the -information may be sent via  a
lower-layer control signal such as an LI/L2 control -13- signal. If the
second power information is changed at  comparatively long intervals, the
information may be  sent as 13 signaling information or broadcast
information (BCH). Also, if the second power 5 information. is fixed in the
system, there is no need to  send the second power information each
time. The number  of null subcarriers may be changed according to the
need. The positions of the null subcarriers may be  fixed, or may be
changed as time passes or according to 1.0 a hopping pattern designed to
change the positions of  the null subcarriers in the frequency direction
and/or  the time direction. In the example shown in FIG. 4, the power
density Prof of a reference signal is represented by  15 Pref=PH+PH.
Alternatively, as shown in FIG. 5, the power density Prof may be a sum of
PH and a fract-ion of P1  
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the understanding of the present invention, the values 

are just examples and different values may also be used 

unless otherwise mentioned. The distinctions between 

the embodiments are not essential for the present 

invention, and the embodiments may be used individually 

or in combination. Although functional block diagrams 

are used to describe apparatuses in the above 

embodiments, the apparatuses may be implemented by 

hardware, software, or a combination of them. 

5 

10 The present international application claims 

priority from Japanese Patent Application No. 2007-

001858 filed on January 9, 2007, the entire contents of 

which are hereby incorporated herein by reference. 

(for example, Pref-(3/?_)xPH). That is, the nurher of  null subcarriers can
be determined according to the  transmission power level of reference
signals. ?_C As described above, the second embodiment  makes it
possible to send reference signals with a  higher power level than that of
other signals and to  make the power density of data signals constant
while  equalizing the total power Levels Pall of all time 25 slots. Thus, the
second embodiment makes it possible to  provide advantageous effects of
the first embodiment  without increasing the number of sets of likelihood
information for data signals. The present invention is not limited to the  30
specifically disclosed embodiments, and variations and  modi_f-ications
may be made without departing from the  scope of the present invention.
Although specific  values are used in the above descriptions to facilitate
-14- the understanding of the present invention, the values  are just
examples and different values may also be used  unless otherwise
mentioned. The distinctions between  the embodiments are not essential
for the present 5 invention, and the embodiments may be used individually
or in combination. Although functional block diagrams  are used to
describe apparatuses in the above  embodiments, the apparatuses may
be implemented by  hardware, software, or a combination of them. 10 The
present international application claims  pr.or.ty from Japanese Patent
Application No. 2007- 001858 filed on January 9, 2007, the entire contents
of  which are hereby incorporated herein by reference. -15- 
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CLAIMS 

 

1. A transmitting device for sending a 

transmission signal modulated according to OFDM, 

comprising: 5 

10 

15 

20 

25 

30 

a transmission signal generating unit 

configured to generate the transmission signal by 

inverse-Fourier-transforming reference signals and data 

signals mapped to subcarriers; and 

a transmitting unit configured to wirelessly 

transmit the transmission signal, wherein 

a total power level allocated to signals to 

be transmitted in a time slot is equal to a total power 

level allocated to signals to be transmitted in any 

other time slot; and 

a power density per unit bandwidth of the 

reference signals is greater than a power density per 

unit bandwidth of the data signals. 

 

2. The transmitting device as claimed in 

claim 1, wherein 

mapping of a data signal to a predetermined 

subcarrier is prevented in a time slot where a 

reference signal is to be transmitted; and 

the power density per unit bandwidth of the 

data signals to be transmitted in different time slots 

is the same regardless of whether a reference signal is 

to be transmitted in the respective time slots. 

 

3. The transmitting device as claimed in 

claim 1, wherein the data signals include user data 

signals and/or control data signals. 

 

C]_AiMS  A transmitting device for send:r.g a transmission signal
modulated according to 01 1 M,  5 comprising: transmission signal
generating unit  c onfigured to generate the transmission signal by
inverse-L'ou.Ir_ier_-transform.;:_ng reference signals and data  signals
mapped to subcarr_-er_s; and 10 a transmitting unit configured to wireless
ly  ransmi_t_ the transmission signal, wherein a total power Level
allocated to signals to  be transmitted in a time slot is equal to a total
power  level allocated to signals to be transmitted in any  15 other time
slot; and a power density per unit bandwidth of the  reference signals is
greater than a power density per  unit bandwidth of the data signals. 2_0
2. 'C'he transmitting device as claimed in  claim wherein mapping of a
data signal to a predetermined  subcarrier is prevented in a time slot
where a  reference signal is to be transmitted; and 2.5 the power density
per unit bandwidth of the  data signals to be transmitted in different time
slots  is the same regardless of whether a reference signal is  to be
transmitted in the respective time slots. 30 3. 'C'he transmi_ttiig device as
claimed n  claim wherein the data signals include user data  signals and/or
control data signals. -16- 
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4. A method of sending a transmission signal 

modulated according to OFDM, comprising the steps of: 

generating the transmission signal by 

inverse-Fourier-transforming reference signals and data 

signals mapped to subcarriers; and 5 

10 

15 

20 

25 

30 

wirelessly transmitting the transmission 

signal, wherein 

a total power level allocated to signals to 

be transmitted in a time slot is equal to a total power 

level allocated to signals to be transmitted in any 

other time slot; and 

a power density per unit bandwidth of the 

reference signals is greater than a power density per 

unit bandwidth of the data signals. 

 

5. The method as claimed in claim 4, wherein 

mapping of a data signal to a predetermined 

subcarrier is prevented in a time slot where a 

reference signal is to be transmitted; and 

the power density per unit bandwidth of the 

data signals to be transmitted in different time slots 

is the same regardless of whether a reference signal is 

to be transmitted in the respective time slots. 

 

6. A receiving device for receiving a signal 

modulated according to OFDM, comprising: 

an extracting unit configured to extract 

reference signals and data signals from the received 

signal after Fourier transformation; 

a channel estimation unit configured to 

perform channel estimation based on the reference 

signals, first power information, and second power 

information; and 

4. A. method of sending a transmission signal modulated according to
OFDN1, comprising the steps of:  generating the transmission signal by
inverse-Fou.Ir_ier_-transform.;:_ng reference signals and data  5 signals
mapped to subcarr_,:_er_s; and wirelessly transmitting the transmission
signal, wherein a total power level allocated to signals to  be transmitted in
a time slot is equal to a total power  10 level allocated to signals to be
transmitted in any  other time slot; and a power density per unit bandwidth
of the  reference signals is greater than a power density per  unit
bandwidth of the data signals. 1.5 o. 'The method as claimed in claim 4,
wherein  mapping of a data signal to a predetermined  subcarrier is
prevented in a time Slot where a  reference signal is to be transmitted;
and 20 the power density per unit bandwidth of the  data signals to be
transmitted in different time slots  is the same regardless of whether a
reference signal is  to be transmitted in the respective time slots. 25 6. A
receiving device for receiving a signal  modulated according to OFDN1,
comprising: an extracting unit configured to extract  reference signals and
data signals from the received  signal. after Fourier transformation; 30 a
channel estimation unit configured to  perform channel estimation based
on the reference  signals, first power information, and second power
information; and 
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a decoding unit configured to decode the data 

signals by performing channel compensation on the data 

signals based on results of the channel estimation, 

wherein 

the first power information indicates that a 

total transmission power level allocated to signals to 

be transmitted in a time slot is equal to a total 

transmission power level allocated to signals to be 

transmitted in any other time slot; and 

5 

10 

15 

20 

25 

30 

the second power information indicates that a 

power density per unit bandwidth of the reference 

signals is greater than a power density per unit 

bandwidth of the data signals. 

 

7. The receiving device as claimed in claim 6, 

wherein the data signals include user data signals 

and/or control data signals. 

 

8. The receiving device as claimed in claim 6, 

wherein 

mapping of a data signal to a predetermined 

subcarrier is prevented in a time slot where a 

reference signal is to be transmitted; and 

the power density per unit bandwidth of the 

data signals to be transmitted in different time slots 

is the same regardless of whether a reference signal is 

to be transmitted in the respective time slots. 

 

9. A method of receiving a signal modulated 

according to OFDM, comprising the steps of: 

extracting reference signals and data signals 

from the received signal after Fourier transformation; 

performing channel estimation based on the 

-17- a decoding unit configured to decode the data signals by performing
channel compensation on the data  signals based on results of the
channel estimation,  wherein 5 the first power information indicates that a
total transmission power level allocated to signals to  be transmitted in a
time slot is equal to a total  transmission power level allocated to signals
to be  transmitted in any other time slot; and 10 the second power
information indicates that a  power density per unit bandwidth of the
reference  signals is greater than a power density per unit  bandwidth of
the data signals. 15 7. The receiving device as claimed in claim 6,
wherein the data signals include user data signals  and/or control data
signals. 8. The receiving device as claimed in claim 6,  20 wherein
mapping of a data signal to a predetermined  subcarrier is prevented in a
time slot where a  reference signal is to be transmitted; and the power
density per unit bandwidth of the  25 data signals to be transmitted in
different time slots  is the same regardless of whether a reference signal is
to be transmitted in the respective time slots. 9. A method of receiving a
signal modulated  30 according to OF]_)M, comprising the steps of:
extracting reference signals and data signals  from the received signal
after Fourier transformation;  performing channel estimation based on the
-18- 
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reference signals, first power information, and second 

power information; and 

decoding the data signals by performing 

channel compensation on the data signals based on 

results of the channel estimation, wherein 5 

10 

15 

20 

25 

the first power information indicates that a 

total transmission power level allocated to signals to 

be transmitted in a time slot is equal to a total 

transmission power level allocated to signals to be 

transmitted in any other time slot; and 

the second power information indicates that a 

power density per unit bandwidth of the reference 

signals is greater than a power density per unit 

bandwidth of the data signals. 

 

10. The method as claimed in claim 9, wherein 

third power information is also used in the 

step of decoding the data signals; and 

the third power information indicates that 

mapping of a data signal to a predetermined subcarrier 

is prevented in a time slot where a reference signal is 

to be transmitted, and the power density per unit 

bandwidth of the data signals to be transmitted in 

different time slots is the same regardless of whether 

a reference signal is to be transmitted in the 

respective time slots. 

reference signals, first power information, and second  power information;
and decoding the data signals by performing  channel compensation on
the data signals based on  5 results of the channel estimation, wherein the
first Power Information i_nd-icates that a  total transmission power level
allocated to signals to  be transmitted in a time slot is equal- to a total
transmission power level allocated to signals to be  1.0 transmi_t_ted in
any other time slot; and the second power information indicates that a
power density per unit bandwidth of the reference  signals is greater than
a power density per unit  bandwidth of the data signals. 1.5 10. The
method as claimed in claim 9, wherein  third power information is also
used in the  step of decoding the data signals; and the third power
information indicates that  ?_C mapping of a data signal_ to a
predetermined subcarrier  is prevented in a time slot_ where a reference
signal. is  to be transmitted, and the power density per unit  bandwidth of
the data signals to be transmitted in  different time slots -is the same
regardless of whether 25 a reference signal to be t_ransmitt_ed ;:_n the
respective time slots. 




