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FIG. 1 

  



Patent Application Publication Dec. 2, 2010 Sheet 2 of 20 US 2010/0303017 A1 

FIG 2 

BASE STATION MOBILE STATION 
APPARATUS APPARATUS 

CE+MLI+DATA ML 
DEMODULATION 

FAILED 

CE+ML+DATA 

ACK RECEIVED 

tige CE-HDATA 

ML 
DEMODULATION 
SUCCEEDED 

TRANSMIT ACK resultack 
STOP MLI 

TRANSMISSION 

CE-DATA 

CE--DATA 

  





US 2010/0303017 A1 Dec. 2, 2010 Sheet 4 of 20 Patent Application Publication 

OGZ 

^N S 

18? | – 

1][\OHIO NOLLVTITUCJOW##### TOEWAS 

| | | 

  



Patent Application Publication Dec. 2, 2010 Sheet 5 of 20 US 2010/0303017 A1 

FIG. 5 
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FIG. 6 
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FIG. 9 
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WRELESS COMMUNICATION SYSTEM 

0001. This application is a divisional of co-pending U.S. 
patent application Ser. No. 1 1/587,580 filed Oct. 25, 2006, 
which is a National Phase of PCT/JP/2005/008071 filed on 
Apr. 27, 2005 which claims priority under 35 U.S.C. S 119(a) 
to Patent Application No. JP2004-136101 filed in Japan on 
Apr. 30, 2004, all of which are hereby expressly incorporated 
by reference in their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a wireless commu 
nication system that conducts wireless communication by a 
multi-carrier modulation system using a communication 
frame composed of a plurality of slots. 

BACKGROUND ART 

0003) A wireless communication system in which an 
Orthogonal Frequency Division Multiplexing (hereinafter 
referred to as “OFDM) transmission system is adopted has 
been known. The OFDM is a kind of multi-carrier modulation 
system and has, compared with a conventional single-carrier 
modulation system, higher resistance to multi-path fading 
caused when channel is intricate due to obstacles. 
0004. However, even though an OFDM signal is used, 
when a desired signal to noise power ratio (hereinafter 
referred to as “SNR) is not obtained due to lower received 
power of sub-carriers at specific frequencies caused by multi 
path fading, as shown in FIG. 15, part of data cannot be 
demodulated, causing reduced transmission capacity as a sys 
tem. 

0005 To solve such a problem, a technique of applying 
Multilevel Transmit Power Control (hereinafter referred to as 
“MTPC) has been proposed in which an adaptive modula 
tion scheme is applied by which Sub-carriers whose attenua 
tion of received power is significant due to multi-path fading 
are transmitted using a small multilevel modulation scheme 
and Sub-carriers whose attenuation of received power is Small 
are transmitted using a high multilevel modulation Scheme, 
and transmission power of Sub-carriers that transmit data is 
adjusted so that a desired SNR is obtained. This MTPC sys 
tem is a system that is gaining attention as a countermeasure 
against multi-path fading from the viewpoint of limiting a 
maximum value of transmission power and the like and using 
sub-carriers efficiently. 
0006 FIG. 17 is a diagram showing a configuration 
example of a frame format of a wireless communication 
system in which the OFDM/MTPC system is adopted. This 
frame format is used when, for example, establishing a down 
link from a base station apparatus to a mobile station appa 
ratus. As shown in FIG. 17, a transmission frame (communi 
cation frame) 201 is composed of 10 slots 202-1 to 202-10. 
Each of the slots 202-1 to 202-10 is primarily composed of 
two parts; a synchronization/control data part 203 and a user 
data part 204. 
0007. The synchronization/control data part 203 includes 
a Channel Estimation word 205 (hereinafter referred to as 
“CE) known to a receiving side and is used for estimating 
channels and modulation level information 206 (hereinafter 
referred to as “MLI”) to notify the receiving side of a modu 
lation level of each sub-carrier that transmits user data. These 
define the modulation level of each sub-carrier and transmis 
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sion power of each sub-carrier, and are features of the OFDM/ 
MTPC system. Here, the MLI is updated for each communi 
cation frame. 
0008. When transmitting a signal in the frame format 
shown in FIG. 17, the synchronization/control data part 203 is 
transmitted using the OFDM system. That is, the same modu 
lation level is applied to all sub-carriers with the same trans 
mission power. 
0009. The user data part 204 is transmitted using the 
MTPC system. That is, each sub-carrier is transmitted by a 
modulation level with a different multilevel modulation 
scheme and transmission power is controlled for each Sub 
carrier. More specifically, the following is done: 
(1) The modulation level for each sub-carrier is one desig 
nated by MLI of the synchronization/control data part. 
(2) Transmission power of each Sub-carrier is adjusted 
depending on quality of channels so that a desired reception 
SNR is obtained for each sub-carrier on the receiving side. 
(3) A sub-carrier whose channel is of extremely low quality 
may be made a carrier hole by providing no transmission 
power. 
0010 Since fluctuation velocity of a channel with respect 
to a frame length is slow in general communication, trans 
mission power and the modulation level do not need to be 
changed within the same frame. Consequently, there is no 
need to change transmission power and the modulation level 
within the same communication frame. Thus, MLI is all the 
same within the same communication frame. 
0011 Next, a configuration example of a mobile station 
apparatus applied to an OFDM/MTPC communication sys 
tem will be described. As shown in FIG. 18, a mobile station 
apparatus 208 has a receiving circuit 209 and a transmitting 
circuit 210. An RF signal received by a receiving antenna 211 
is down-converted by an RF converter 212 and input into the 
receiving circuit 209. An output signal of the RF converter 
212 input into the receiving circuit 209 is input into an analog/ 
digital conversion circuit 213 to convert the signal from an 
analog signal into a digital signal. A digital signal output by 
the analog/digital conversion circuit 213 is input into a 
demultiplexer 214 to demultiplex and output the signal to a 
CE part 205, an MLI symbol part 206, and a user data symbol 
part 204 in accordance with a slot configuration shown in 
FIG. 17. 

(0012. A Fourier transformation circuit (FFT circuit) 215-1 
performs a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received CE. A channel 
estimation circuit 216 compares a received CE input from the 
Fourier transformation circuit 215-1 and a reference CE to 
estimate channel characteristics. 

(0013 A Fourier transformation circuit (FFT) 215-2 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received MLI symbol. A 
channel compensation circuit 217 makes channel compensa 
tion for a reproduced received MLI symbol based on an 
estimation result of the channel estimation circuit 216. A 
symbol demodulation circuit 218 demodulates MLI from the 
received MLI symbol for which channel compensation has 
been made by the channel compensation circuit 217. An error 
detection circuit 219 detects errors from an output signal of 
the symbol demodulation circuit 218 using error detecting 
code and the like. 
0014. A demodulation level designation circuit 220 des 
ignates a demodulation level of each sub-carrier of user data 
based on the demodulated MLI. 
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0015. A Fourier transformation circuit (FFT) 215-3 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received user data. A chan 
nel compensation circuit 221 makes channel compensation 
for a reproduced received user data symbol based on an esti 
mation result of the channel estimation circuit 216. A symbol 
demodulation circuit 222 demodulates the received user data 
symbol for which channel compensation has been made by 
the channel compensation circuit 221 by a demodulation level 
of a user data symbol part of each Sub-carrier designated by 
the demodulation level designation circuit 220. A decoder 
circuit 223 performs error correction and decompression pro 
cessing of encoded user data demodulated by the symbol 
demodulation circuit 222 to decode user data. 
0016. In the receiving circuit 209 shown in FIG. 18, com 
ponents for demodulating CE, MLI, and user data can be 
Summarized as shown below: 
(1) A CE demodulation part composed of the FFT circuit 
215-1 
(2) An MLI demodulation part 224 composed of the FFT 
circuit 215-2, the channel compensation circuit 217, the sym 
bol demodulation circuit 218, and the error detection circuit 
219 
(3) A user data demodulation part 225 composed of the FFT 
circuit 215-3, the channel compensation circuit 221, the sym 
bol demodulation circuit 222, and the decoder circuit 223 
0017. Also, transmission data (user data) is input into the 
transmitting circuit 210. In the transmitting circuit 210, for 
example, coding processing, modulation processing, and pro 
cessing to feedback a channel estimation result signal input 
from the channel estimation circuit 216 to a base station as 
information data are performed with respect to the transmis 
sion data. Then, the transmission data undergoes digital/ana 
log conversion, and is up-converted into an RF signal by an 
RF converter 226 and transmitted by a transmitting antenna 
227. 
0018. Next, a configuration example of a base station 
apparatus applied to an OFDM/MTPC communication sys 
tem will be described. As shown in FIG. 19, a base station 
apparatus 230 has a transmitting circuit 231 and a receiving 
circuit 232. In the transmitting circuit 231, a modulation 
level/transmission power designation circuit 233 determines, 
based on a channel estimation result signal acquired as 
received data by the receiving circuit 232, transmission power 
of each Sub-carrier for transmitting user data (transmission 
data) and the modulation level of each sub-carrier for trans 
mitting user data. 
0019. An encoder circuit 234 performs processing such as 
compression coding of user data (transmission data) and 
addition of error correction code, and a symbol modulation 
circuit 235 modulates, based on the modulation level of each 
sub-carrier determined by the modulation level/transmission 
power designation circuit 233, user data encoded by the 
encoder circuit 234. A transmission power control circuit 236 
regulates an output signal from the symbol modulation circuit 
235 to a value determined by the modulation level/transmis 
sion power designation circuit 233 for each Sub-carrier, and 
an IFFT circuit 237 performs an inverse Fourier transforma 
tion of an output signal of the transmission power control 
circuit 236 for output. 
0020. An MLI generating circuit 238 generates MLI based 
on the modulation level of each sub-carrier for transmitting 
user data determined by the modulation level/transmission 
power designation circuit 233. A symbol modulation circuit 
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239 modulates MLI generated by the MLI generating circuit 
238. An IFFT circuit 240 performs an inverse Fourier trans 
formation of an output signal of the symbol modulation cir 
cuit 239 for output. 
0021 ACE generating circuit 241 generates a CE and an 
IFFT circuit 242 performs an inverse Fourier transformation 
ofa CE generated by the CE generating circuit 241 for output. 
0022. A multiplexer 243 multiplexes output signals of 
three IFFT circuits (237, 240, and 242) to match the slot 
configuration shown in FIG. 17. A digital/analog conversion 
circuit 244 converts an output of the multiplexer 243 from a 
digital signal into an analog signal. An analog signal output 
by the digital/analog conversion circuit 244 is up-converted 
into an RF signal by an RF converter 245 and transmitted by 
a transmitting antenna 246. 
(0023. In the transmitting circuit 231 shown in FIG. 19, 
components for modulating CE, MLI, and user data can be 
Summarized as shown below: 
(1) ACE modulation part 247 composed of the CE generating 
circuit 241 and the IFFT circuit 242 
(2) An MLI modulation part 248 composed of the MLI gen 
erating circuit 238, the symbol modulation circuit 239, and 
the IFFT circuit 240 
(3) A user data modulation part 249 composed of the encoder 
circuit 234, the symbol modulation circuit 235, the transmis 
sion power control circuit 236, and the IFFT circuit 237 
0024. An RF signal received by a receiving antenna 250 is 
down-converted by an RF converter 251 and input into the 
receiving circuit 232. In the receiving circuit 232, for 
example, analog/digital conversion processing, demultiplex 
ing processing into various signals, and various demodulation 
processing are performed to output received data (user data). 
Non-patent document 1: The Institute of Electronics, Infor 
mation and Communication Engineers RCS2002-239“Study 
on interference reducing technology in a one-cell repetitive 
OFDM/TDMA system using a sub-carrier adaptive modula 
tion system' 

DISCLOSURE OF THE INVENTION 

(0025. In the OFDM/MTPC system, however, MLI of each 
slot existing in the same communication frame is all the same. 
Thus, if demodulation of MLI on the receiving side succeeds 
once, the MLI whose demodulation has succeeded can be 
used for demodulation of user data contained in all slots 
existing in the same communication frame. Conversely, if 
demodulation of MLI on the receiving side succeeds, MLI 
contained in slots received thereafter may no longer be 
needed. That is, if, for example, MLI demodulation is suc 
cessful when a first slot is received on the receiving side, as 
shown in FIG. 20.. MLI contained in the following second to 
N-th slots will be unnecessary data. Thus, a transmitting side 
has caused lower transmission efficiency by continuing to 
transmit unnecessary MLI. 
0026. The present invention has been developed in view of 
the above circumstances and an object thereof is to provide a 
wireless communication system that can improve transmis 
sion efficiency by stopping transmission of unnecessary MLI. 
0027 (1) To achieve the above object, steps shown below 
have been taken for the present invention. That is, a modulator 
according to the present invention is a modulator applied to a 
wireless communication system that conducts wireless com 
munication by a multi-carrier modulation scheme using a 
communication frame composed of a plurality of slots, com 
prising a slot generation part generating the slot by multiplex 
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ing header information containing at least channel estimation 
information to estimate channels, modulation level informa 
tion to notify a receiving side of a modulation level of each 
Sub-carrier, and user data, and a determination part determin 
ing whether or not demodulation information to notify that 
successful demodulation of the modulation level information 
has been received from the receiving side, wherein, when the 
determination part determines that the demodulation infor 
mation has been received, the slot generation part generates, 
after receiving the demodulation information, slots which do 
not contain the modulation level information in a relevant 
communication frame. 

0028. Since, as described above, when demodulation 
information for notifying that demodulation of modulation 
level information has succeeded is received from the receiv 
ing side, slots containing no modulation level information are 
generated in the relevant communication frame after receiv 
ing the demodulation information, no unnecessary modula 
tion level information will be transmitted. Since this elimi 
nates a time occupied by unnecessary modulation level 
information in a slot, the time can now be used for transmis 
sion of user data. For example, a slot length can be shortened 
by deleting a time occupied by unnecessary modulation level 
information in a slot to increase the number of slots existing 
in the same frame, or without changing the slot length, user 
data can be assigned to the time occupied by unnecessary 
modulation level information. As a result, transmission effi 
ciency can be improved. 
0029 (2) Also, the modulator according to the present 
invention is characterized in that, when the determination part 
determines that the demodulation information has been 
received, the slot generation part, after receiving the demodu 
lation information, generates, after generating n (n is a natural 
number) slots containing the modulation level information, 
slots in which the modulation level information is not con 
tained in the relevant communication frame. 

0030 Since, as described above, after receiving the 
demodulation information, the slot generation part generates, 
after generating n (n is a natural number) slots containing 
modulation level information, slots containing no modulation 
level information in the relevant communication frame, pro 
cessing under a light load can be performed with Sufficient 
lead time. That is, since a transmitting circuit starts transmis 
sion processing of slots before receiving demodulation infor 
mation, it is not easy to make a slot immediately after recep 
tion of demodulation information free of modulation level 
information. Thus, a certain time after reception of demodu 
lation information is preferably allocated to preparations for 
generating slots containing no modulation level information. 
Also, since a time required for generating n slots containing 
modulation level information after receiving demodulation 
information is allocated to preparations for generating slots 
containing no modulation level information, time manage 
ment in slots can be performed. 
0031 (3) A modulator according to the present invention 

is a modulator applied to a wireless communication system 
that conducts wireless communication by a multi-carrier 
modulation scheme using a communication frame composed 
of a plurality of slots, comprising a slot generation part gen 
erating the slot by multiplexing header information contain 
ing at least channel estimation information to estimate chan 
nels, modulation level information to notify a receiving side 
of a modulation level of each Sub-carrier, and user data and a 
slot number information generation part that estimates the 
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number of slots in which the modulation level information is 
to be contained and generates slot number information to 
notify the receiving side of the estimated number of slots, 
wherein the slot generation part generates, after generating 
the estimated number of slots by adding the slot number 
information to the modulation level information, slots in 
which the modulation level information is not contained in a 
relevant communication frame. 
0032 Since, as described above, after estimating the num 
ber of slots to contain modulation level information and gen 
erating the estimated number of slots by adding slot number 
information to the modulation level information, slots in 
which no modulation level information is contained in a rel 
evant communication frame are generated, no unnecessary 
modulation level information will be transmitted. Since this 
eliminates a time occupied by unnecessary modulation level 
information in a slot, the time can now be used for transmis 
sion of user data. As a result, transmission efficiency can be 
improved. Also, since the number of slots containing modu 
lation level information is transmitted together with the 
modulation level information, processing on a transmitting 
side will not be affected by whether demodulation of modu 
lation level information is successful on the receiving side 
and, on the transmitting side, processing to determine 
whether or not demodulation information to notify the trans 
mitting side that demodulation of modulation level informa 
tion has succeeded is received from the receiving side is made 
unnecessary, thus enabling simplification of processing on 
the transmitting side. On the receiving side, on the other hand, 
if demodulation of modulation level information and slot 
number information is Successful, the number of slots in 
which modulation level information is contained can be 
grasped. This enables the receiving side, after Successful 
demodulation of modulation level information and slot num 
ber information, to ignore modulation level information if a 
slot in which modulation level information and slot number 
information are contained is received and to demodulate user 
data by using demodulated modulation level information if a 
slot in which no modulation level information is contained is 
received. This makes processing to notify the transmitting 
side that demodulation of modulation level information has 
Succeeded unnecessary, enabling simplification of processing 
on the receiving side. 
0033 (4) Also, the modulator according to the present 
invention is characterized in that the slot number information 
generation part estimates the number of slots in which signal 
power necessary for demodulating the modulation level 
information can be obtained based on channel estimation 
information. 

0034 Since, as described above, the number of slots in 
which signal power necessary for demodulating the modula 
tion level information can be obtained is estimated based on 
channel estimation information, modulation level informa 
tion can reliably be demodulated on the receiving side. Also, 
processing to determine whether demodulation information 
to notify the transmitting side that demodulation of modula 
tion level information has succeeded is received from the 
receiving side is made unnecessary, enabling simplification 
of processing on the transmitting side. 
0035 (5) Also, the modulator according to the present 
invention is characterized in that the slot number information 
is information all representing the same numeric value. 
0036. Since, as described above, the slot number informa 
tion is all information that represents the same numeric value, 
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the number of slots containing modulation level information 
can be grasped on the receiving side by counting the number 
of slots received from the start of a communication frame and 
it becomes possible to clearly distinguish between slots con 
taining modulation level information and those not contain 
ing modulation level information. 
0037 (6) Also, the modulator according to the present 
invention is characterized in that the slot number information 
is information representing a remaining number of times of 
transmission of slots containing the modulation level infor 
mation. 

0038. Since, as described above, slot number information 
is information representing a remaining number of times of 
transmission of slots containing modulation level informa 
tion, even though a signal cannot be detected by the receiving 
circuit in one of slots containing modulation level informa 
tion on the receiving side and a slot is missed, it is still 
possible to grasp how many slots containing modulation level 
information remain to be transmitted and in which stage slots 
containing no modulation level information will be transmit 
ted without counting the number of received slots from the 
start of a communication frame if demodulation of modula 
tion level information and slot number information in other 
slots is successful. This enables the receiving side to prevent 
reception of a slot containing no modulation level informa 
tion as one containing modulation level information by mis 
take. 
0039 (7) Also, the modulator according to the present 
invention is characterized in that the slot generation part 
shortens a slot length by deleting a time allocated to the 
modulation level information in a slot when generating the 
slot without containing the modulation level information and, 
as a result of shortened slot length, slots having a shortened 
slot length without containing the modulation level informa 
tion are further generated in accordance with an idle time 
generated in the communication frame. 
0040 Since, as described above, the slot length is short 
ened by deleting a time allocated to modulation level infor 
mation in a slot when generating slots containing no modu 
lation level information and, as a result of shortened slot 
length, slots having a shortened slot length without contain 
ing modulation level information are further generated in 
accordance with an idle time generated in the communication 
frame, the number of slots that can exist in a communication 
frame of the same time length as a conventional communica 
tion frame can be increased. Since this enables transmission 
of more user data, improvement of transmission efficiency 
can be sought. 
0041 (8) Also, the modulator according to the present 
invention is characterized in that the slot generation part 
generates slots that do not contain the modulation level infor 
mation without changing the slot length by allocating, instead 
of the modulation level information, the user data to a time to 
which the modulation level information is allocated in the 
slot. 
0042. Since, as described above, slots are generated that 
do not contain modulation level information without chang 
ing the slot length by allocating, instead of the modulation 
level information, user data to a time to which the modulation 
level information is allocated in a slot, the proportion of user 
data in a slot of the same time length as a conventional slot can 
be increased. Since this enables transmission of more user 
data, improvement of transmission efficiency can be sought. 
The present invention is suitable to a system like TDMA 
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(Time Division Multiple Access), for example, in which the 
slot length must be maintained constant. 
0043 (9) A demodulator according to the present inven 
tion is a demodulator applied to a wireless communication 
system that conducts wireless communication by a multi 
carrier modulation level using a communication frame com 
posed of a plurality of slots containing at least modulation 
level information to notify a receiving side of a modulation 
method of each Sub-carrier and user data, comprising a modu 
lation scheme information demodulation part that extracts the 
modulation scheme information from a received slot and 
demodulates the extracted modulation scheme information, a 
demodulation information generation part that determines 
whether or not demodulation of the modulation scheme infor 
mation has succeeded and, when the demodulation has been 
Successful, generates demodulation information to notify a 
transmitting side of Successful demodulation of the modula 
tion scheme information, and a user data demodulation part 
that, after the demodulation information is generated, uses the 
Successfully demodulated modulation scheme information to 
demodulate each Sub-carrier corresponding to the user data in 
each slot existing in the same communication frame. 
0044 Since, as described above, when demodulation of 
modulation level information has been Successful, demodu 
lation information to notify the transmitting side of successful 
demodulation of the modulation level information is gener 
ated and, after the demodulation information is generated, the 
successfully demodulated modulation level information is 
used to demodulate each Sub-carrier corresponding to user 
data in each slot existing in the same communication frame, 
modulation level information is no longer needed on the 
receiving side after demodulation of the modulation level 
information has succeeded. Then, with transmission of 
demodulation information to the transmitting side, slots con 
taining no modulation level information can be generated on 
the transmitting side after receiving the demodulation infor 
mation. This eliminates transmission of unnecessary modu 
lation level information and thus improvement of transmis 
sion efficiency can be sought. 
0045 (10) A demodulator according to the present inven 
tion is a demodulator applied to a wireless communication 
system that conducts wireless communication by a multi 
carrier modulation level using a communication frame com 
posed of a plurality of slots containing at least modulation 
level information to notify the receiving side of the modula 
tion level of each Sub-carrier and user data, comprising an 
extraction part to extract the modulation level information 
and slot number information added to the modulation level 
information to indicate the number of slots containing the 
modulation level information existing in the communication 
frame, a modulation level/slot number information demodu 
lation part to demodulate the extracted modulation level 
information and slot number information, and a user data 
demodulation part that determines whether or not demodula 
tion of the modulation level information and slot number 
information has succeeded and, when the demodulation is 
successful, extracts the number of slots to identify a last slot 
containing the modulation level information and slot number 
information based on the extracted number of slots, and, uses 
the successfully demodulated modulation level information 
to demodulate each sub-carrier corresponding to the user data 
of each slot existing in the same communication frame after 
slots following the identified slot. 
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0046. Since, as described above, modulation level infor 
mation and slot number information are extracted from a 
received slot and, when demodulation of the modulation level 
information and slot number information is Successful, the 
number of slots is extracted to identify the last slot containing 
modulation level information and slot number information 
based on the extracted number of slots, it becomes possible to 
clearly distinguish slots containing modulation level infor 
mation and slot number information and those not containing 
modulation level information and slot number information. 
Also, since, the Successfully demodulated modulation level 
information is used to demodulate each Sub-carrier corre 
sponding to user data of each slot existing in the same com 
munication frame after slots following the identified slot, 
modulation level information is no longer needed on the 
receiving side after demodulation of modulation level infor 
mation and slot number information has succeeded. Then, 
since slots containing no modulation level information in the 
communication frame are generated on the transmitting side 
after generating an estimated number of slots by adding slot 
number information to the modulation level information, 
transmission of unnecessary modulation level information is 
eliminated. Since this eliminates a time occupied by unnec 
essary modulation level information in a slot, the time can 
now be used for transmission of user data. As a result, 
improvement of transmission efficiency can be sought. 
0047 (11) A base station according to the present inven 
tion comprises any of the above-described modulators and 
(12) a mobile station according to the present invention com 
prises any of the above-described demodulators. (13) A wire 
less communication system according to the present inven 
tion is comprised of the base station and mobile station. 
0048 Since, with a configuration described above, trans 
mission of unnecessary modulation level information is 
eliminated, a time occupied by unnecessary modulation level 
information in a slot is eliminated and the time can now be 
used for transmission of user data. As a result, improvement 
of transmission efficiency can be sought. 
0049 Since, according to the present invention, transmis 
sion of unnecessary modulation level information is elimi 
nated, a time occupied by unnecessary modulation level 
information in a slot is eliminated and the time can now be 
used for transmission of user data. As a result, improvement 
of transmission efficiency can be sought. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0050 FIG. 1 is a diagram showing an overview of a wire 
less communication system according to a first embodiment. 
0051 FIG. 2 is a diagram showing a data transmission 
sequence between a base station apparatus and a mobile sta 
tion apparatus in the wireless communication system accord 
ing to the first embodiment. 
0052 FIG.3 is a block diagram showing a configuration of 
the mobile station apparatus according to the first embodi 
ment. 

0053 FIG. 4 is a block diagram showing the configuration 
of the base station apparatus according to the first embodi 
ment. 

0054 FIG. 5 is a flow chart showing an operation of the 
mobile station apparatus according to the first embodiment. 
0055 FIG. 6 is a flowchart showing the operation of the 
base station apparatus according to the first embodiment. 
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0056 FIG. 7 is a diagram showing the data transmission 
sequence between a base station apparatus and a mobile sta 
tion apparatus in a wireless communication system according 
to a second embodiment. 
0057 FIG. 8 is a block diagram showing a configuration of 
a mobile station apparatus according to a third embodiment. 
0058 FIG. 9 is a flow chart showing a vector addition 
processing by a vector adding circuit. 
0059 FIG. 10 is a block diagram showing a configuration 
ofa base station apparatus according to the third embodiment. 
0060 FIG. 11 is a flow chart showing an operation of the 
mobile station apparatus according to the third embodiment. 
0061 FIG. 12 is a flow chart showing an operation of the 
base station apparatus according to the third embodiment. 
0062 FIG. 13 is a diagram showing a configuration 
example of a frame format of a wireless communication 
system according to a fourth embodiment. 
0063 FIG. 14 is a diagram showing a configuration 
example of the frame format of a wireless communication 
system according to a fifth embodiment. 
0064 FIG. 15 is a diagram showing spectra in an orthogo 
nal frequency division multiple system. 
0065 FIG. 16 is a diagram showing spectra in an orthogo 
nal frequency division multiple system using a multi-level 
transmission power control system. 
0.066 FIG.17 is a diagram showing the frame format in the 
orthogonal frequency division multiple system using the 
multi-level transmission power control system. 
0067 FIG. 18 is a block diagram showing a configuration 
example of a mobile station apparatus applied to an OFDM/ 
MTPC communication system. 
0068 FIG. 19 is a block diagram showing a configuration 
example of a base station apparatus applied to the OFDM/ 
MTPC communication system. 
0069 FIG. 20 shows an appearance of a slot after success 
ful demodulation of MLI. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

0070 FIG. 1 is a diagram showing an overview of a wire 
less communication system according to a first embodiment. 
A base station apparatus 1 conducts bi-directional communi 
cation with a mobile station apparatus 3 existing in a cell 2 by 
FDD (Frequency Division Duplex). A frequency f1 is used for 
transmission (downlink) from the base station apparatus 1 to 
the mobile station apparatus 3 using the MTPC system. A 
frequency f2 is used for transmission (uplink) from the 
mobile station apparatus 3 to the base station apparatus 1. A 
communication method and a frame format of the uplink are 
not particularly limited and a conventionally known commu 
nication method and frame format can be used. 
0071. In the wireless communication system according to 
the first embodiment, if the mobile station apparatus as a 
receiving side succeeds in demodulation of MLI, the base 
station apparatus as a transmitting side stops transmission of 
MLI. To realize this operation in the wireless communication 
system, if demodulation of MLI is successful, the mobile 
station apparatus transmits ACK (ACKnowledgement) as 
demodulation information indicating Successful demodula 
tion to the base station apparatus and, hereafter user data is 
demodulated assuming that there is no MLI in slots existing in 
the same communication frame. When demodulating user 
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data, MLI whose demodulation has already succeeded is 
used. The above overview will be described with reference to 
FIG 2. 
0072 FIG. 2 is a diagram showing a data transmission 
sequence between the base station apparatus and the mobile 
station apparatus in the wireless communication system 
according to the first embodiment. In FIG. 2, time is assumed 
to pass downward from the top of the page. The base station 
apparatus transmits a first slot containing CE, MLI, and user 
data to the mobile station apparatus. Since, if the mobile 
station apparatus fails to demodulate MLI in the first slot, the 
base station apparatus has not received ACK, the base station 
apparatus transmits a second slot also by containing CE, MLI. 
and user data in the second slot. 
0073. Next, the mobile station apparatus succeeds in 
demodulation of MLI with the second slot. Thus, the mobile 
station apparatus transmits ACK to the base station apparatus 
to notify that demodulation of MLI has succeeded. After 
receiving ACK, the base station apparatus stops transmission 
of MLI because there is no need to transmit MLI till the next 
communication frame. That is, in the relevant communication 
frame, slots containing no MLI are transmitted to the mobile 
station apparatus. The mobile station apparatus receives slots 
under the assumption that slots received after transmitting 
ACK contain only CE and user data and do not contain MLI 
to demodulate user data. Next, the configuration of the mobile 
station apparatus and the base station apparatus to provide 
such functions will be described. 
0074 FIG. 3 is a block diagram showing the configuration 
of the mobile station apparatus according to the first embodi 
ment. The same reference numerals are attached to blocks 
with the same function as those of a conventional mobile 
station apparatus shown in FIG. 18 for description. As shown 
in FIG. 3, a mobile station apparatus 100 has a receiving 
circuit 101 and a transmitting circuit 102. An RF signal 
received by the receiving antenna 211 is down-converted by 
the RF converter 212 and input into the receiving circuit 101. 
An output signal of the RF converter 212 input into the receiv 
ing circuit 101 is input into the analog/digital conversion 
circuit 213 to convert the signal from an analog signal into a 
digital signal. A digital signal output by the analog/digital 
conversion circuit 213 is input into the demultiplexer 214 to 
demultiplex and output the signal to the CE part 205, the MLI 
symbol part 206, and the user data symbol part 204 in accor 
dance with the slot configuration shown in FIG. 17. 
0075. The Fourier transformation circuit (FFT circuit) 
215-1 performs a Fourier transformation of an output signal 
of the demultiplexer 214 to reproduce a received CE. The 
channel estimation circuit 216 compares a received CE input 
from the Fourier transformation circuit 215-1 and the refer 
ence CE to estimate channel characteristics. 

0076. The Fourier transformation circuit (FFT) 215-2 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received MLI symbol. The 
channel compensation circuit 217 makes channel compensa 
tion for a reproduced received MLI symbol based on an 
estimation result of the channel estimation circuit 216. The 
symbol demodulation circuit 218 demodulates MLI from the 
received MLI symbol for which channel compensation has 
been made by the channel compensation circuit 217. 
0077. The error detection circuit 219 detects errors from 
an output signal of the symbol demodulation circuit 218 using 
error detecting code and the like. Then, if no error is detected 
in the output signal of the symbol demodulation circuit 218, 
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the error detection circuit 219 outputs a signal to request 
transmission of ACK as demodulation information indicating 
successful demodulation of MLI to the transmitting circuit 
102 and the reception operation control circuit 103. 
0078. The demodulation level designation circuit 220 des 
ignates a demodulation level of each sub-carrier of user data 
based on the demodulated MLI. 
(0079. The Fourier transformation circuit (FFT) 215-3 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received user data. The 
channel compensation circuit 221 makes channel compensa 
tion for a reproduced received user data symbol based on an 
estimation result of the channel estimation circuit 216. The 
symbol demodulation circuit 222 demodulates the received 
user data symbol for which channel compensation has been 
made by the channel compensation circuit 221 by a demodu 
lation level of the user data symbol part of each sub-carrier 
designated by the demodulation level designation circuit 220. 
The decoder circuit 223 performs error correction and 
decompression processing of encoded user data demodulated 
by the symbol demodulation circuit 222 to decode user data. 
0080. In the receiving circuit 101 shown in FIG. 3, com 
ponents for demodulating CE, MLI, and user data can be 
Summarized as shown below: 
(1) The CE demodulation part composed of the FFT circuit 
215-1 
(2) The MLI demodulation part 224 composed of the FFT 
circuit 215-2, the channel compensation circuit 217, the sym 
bol demodulation circuit 218, and the error detection circuit 
219 
(3) The user data demodulation part 225 composed of the FFT 
circuit 215-3, the channel compensation circuit 221, the sym 
bol demodulation circuit 222, and the decoder circuit 223 
I0081. The reception operation control circuit 103 controls, 
based on a signal to request transmission of ACK input from 
the error detection circuit 219, operations of the MLI 
demodulation part 224, the user data demodulation part 225, 
and the demultiplexer 214 so that slots containing no MLI are 
received. 
I0082 In the mobile station apparatus 100, transmission 
data (user data) is input into the transmitting circuit 102. In 
the transmitting circuit 102, for example, coding processing, 
modulation processing, and processing to feedback a channel 
estimation result signal input from the channel estimation 
circuit 216 to a base station as information data are performed 
with respect to the transmission data. Then, the transmission 
data undergoes digital/analog conversion, and is up-con 
verted into an RF signal by the RF converter 226 and trans 
mitted by the transmitting antenna 227. 
I0083. Further, upon arrival of a signal to request transmis 
sion of ACK, the transmitting circuit 102 generates an ACK 
signal and then transmits the ACK signal. 
I0084. Next, the configuration of the base station apparatus 
according to the first embodiment will be described with 
reference to FIG. 4. The same reference numerals are attached 
to blocks with the same function as those of a conventional 
base station apparatus shown in FIG. 19 for description. As 
shown in FIG. 4, a base station apparatus 110 has a transmit 
ting circuit 111 and a receiving circuit 112. In the transmitting 
circuit 111, the modulation level/transmission power desig 
nation circuit 233 determines, based on a channel estimation 
result signal acquired as received data by the receiving circuit 
112, transmission power of each Sub-carrier for transmitting 
user data (transmission data) and the modulation level of each 
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sub-carrier for transmitting user data. The encoder circuit 234 
performs processing such as compression coding of user data 
(transmission data) and addition of error correction code, and 
the symbol modulation circuit 235 modulates, based on the 
modulation level of each sub-carrier determined by the modu 
lation level/transmission power designation circuit 233, user 
data encoded by the encoder circuit 234. The transmission 
power control circuit 236 regulates an output signal from the 
symbol modulation circuit 235 to a value determined by the 
modulation level/transmission power designation circuit 233 
for each sub-carrier, and the IFFT circuit 237 performs an 
inverse Fourier transformation of an output signal of the 
transmission power control circuit 236 for output. 
I0085. The MLI generating circuit 238 generates MLI 
based on the modulation level of each sub-carrier for trans 
mitting user data determined by the modulation level/trans 
mission power designation circuit 233. The symbol modula 
tion circuit 239 modulates MLI generated by the MLI 
generating circuit 238. The IFFT circuit 240 performs an 
inverse Fourier transformation of an output signal of the 
symbol modulation circuit 239 for output. 
I0086. The CE generating circuit 241 generates a CE and 
the IFFT circuit 242 performs an inverse Fourier transforma 
tion of a CE generated by the CE generating circuit 241 for 
output. 
0087. In the transmitting circuit 111 shown in FIG. 4, 
components for modulating CE, MLI, and user data can be 
Summarized as shown below: 

(1) The CE modulation part 247 composed of the CE gener 
ating circuit 241 and the IFFT circuit 242 
(2) The MLI modulation part 248 composed of the MLI 
generating circuit 238, the symbol modulation circuit 239, 
and the IFFT circuit 240 

(3) The user data modulation part 249 composed of the 
encoder circuit 234, the symbol modulation circuit 235, the 
transmission power control circuit 236, and the IFFT circuit 
237 

0088. The multiplexer 243 multiplexes output signals of 
three IFFT circuits (237, 240, and 242) to match the slot 
configuration shown in FIG. 17. 
0089. A transmission operation control circuit 113 con 

trols, based on a signal to notify that ACK input from the 
receiving circuit 112 has been received, operation timing of 
the MLI modulation part 248, the user data modulation part 
249, and the multiplexer 243 so that slots containing no MLI 
are generated. 
0090 The digital/analog conversion circuit 244 converts 
an output of the multiplexer 243 from a digital signal into an 
analog signal. An analog signal output by the digital/analog 
conversion circuit 244 is up-converted into an RF signal by 
the RF converter 245 and transmitted by the transmitting 
antenna 246. 

0091 An RF signal received by the receiving antenna 250 
is down-converted by the RF converter 251 and input into the 
receiving circuit 112. In the receiving circuit 112, for 
example, analog/digital conversion processing, demultiplex 
ing processing into various signals, and various demodulation 
processing are performed to output received data (user data). 
Also, in the receiving circuit 112, ACK contained in an RF 
signal received by the receiving antenna 250 is demodulated 
and output to the transmission operation control circuit 113 in 
the transmitting circuit 111. Further, in a receiving circuit 
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132, channel conditions are estimated based on a received 
signal and an estimation result signal is output to a transmit 
ting circuit 131. 
0092 Next, an operation of the mobile station apparatus 
according to the first embodiment constructed as described 
above will be described. Reference is made to a flow chart 
shown in FIG. 5 for the following description. In the mobile 
station apparatus 100, when the receiving circuit 101 receives 
a slot containing CE, MLI, and user data (step S1), the MLI 
demodulation part 224 demodulates MLI (step S2). The MLI 
contains error checking bits and the like, and the error detec 
tion circuit 219 in the MLI demodulation part 224 determines 
whether or not demodulation of MLI has succeeded, that is, 
no error is detected (step S3). If demodulation of MLI fails, 
that is, an erroris detected, preparations for receiving the next 
slot again are made after going back to step S1. 
0093. If, on the other hand, in step S3, demodulation of 
MLI is successful, that is, no error is detected, the error 
detection circuit 219 outputs a signal to request transmission 
of ACK to notify the base station apparatus that demodulation 
of MLI has succeeded to the transmitting circuit 102 and the 
reception operation control circuit 103. The transmitting cir 
cuit 102 transmits ACK to the base station apparatus (step S4) 
and the reception operation control circuit 103 controls, based 
on a signal to request transmission of ACK, operations of the 
MLI demodulation part 224, the user data demodulation part 
225, and the demultiplexer 214 so that slots containing no 
MLI are received. 

0094. Then, user data is demodulated based on MLI 
demodulated in step S2 (step S5) and whether the relevant 
communication frame is completed is determined (step S6). If 
the relevant communication frame is not completed, slots 
containing no MLI, that is, slots containing CE and user data 
transmitted Successively by the base station apparatus are 
received (step S7) and user data received in step S7 is 
demodulated using MLI demodulated in step S2 (step S5). 
Operations of step S5 to step S7 are repeated until the relevant 
communication frame is completed. That is, between a time 
when demodulation of MLI succeeds and a time when the 
relevant communication frame is completed, demodulation is 
performed under the assumption that received slots contain 
only CE and user data. If, in step S6, the relevant communi 
cation frame is completed, reception is performed after going 
back to step S1 under the assumption that slots containing 
MLI will be transmitted again in the next communication 
frame. 

0.095 Next, an operation of the base station apparatus 
according to the first embodiment will be described with 
reference to a flow chart shown in FIG. 6. In the base station 
apparatus 110, the transmitting circuit 111 determines the 
modulation level and transmission power (step T1). That is, it 
is assumed in the MTPC system that the base station appara 
tus 110 grasps a channel estimation result based on a feedback 
from the mobile station apparatus 100 and the like. The trans 
mitting circuit 111 determines the modulation leveland trans 
mission power for each sub-carrier based on a channel esti 
mation result so that SNR required for the mobile station 
apparatus 100 is obtained. At the same time, MLI generated 
by the MLI generating circuit 238 is also determined (step 
T2). Next, slots containing CE, the above determined MLI, 
and user data are transmitted (step T3) and whether the rel 
evant communication frame is completed is determined (step 
T4). 
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0096. If the relevant communication frame is completed, 
the next step is to return to step T1, and if the relevant com 
munication frame is not completed, whether ACK has been 
received is judged (step T5). If no ACK has been received, the 
next step is to go to step T3 to transmit slots containing CE, 
MLI, and user data again. If, on the other hand, in step T5. 
ACK is received, slots containing no MLI, that is, slots con 
taining only CE and user data are transmitted (step T6). Next, 
whether the relevant communication frame is completed is 
determined (step T7). If not completed, the next step is to go 
to step T6 to repeat operations of step T6 and step T7 until the 
relevant communication frame is completed. If, on the other 
hand, in step T6, the relevant communication frame is com 
pleted, the next step is to return to step T1 to determine MLI 
again based on a channel estimation result and to start trans 
mission of slots containing MLI. 
0097. Since, with the wireless communication system 
according to the first embodiment, as described above, trans 
mission of unnecessary MLI is eliminated, a time occupied by 
unnecessary MLI in a slot is eliminated and the time can now 
be used for transmission of user data. As a result, improve 
ment of transmission efficiency can be sought. 

Second Embodiment 

0098 Next, a wireless communication system according 
to a second embodiment will be described. FIG. 7 is a diagram 
showing a data transmission sequence between a base station 
apparatus and a mobile station apparatus in the wireless com 
munication system according to the second embodiment. In 
FIG. 7, like FIG. 2, time is assumed to pass downward from 
the top of the page. The base station apparatus transmits the 
first slot containing CE, MLI, and user data to the mobile 
station apparatus. Since, if the mobile station apparatus fails 
to demodulate MLI in the first slot, the base station apparatus 
has not received ACK, the base station apparatus transmits the 
second slot also by containing CE, MLI, and user data in the 
second slot. 
0099 Next, the mobile station apparatus succeeds in 
demodulation of MLI with the second slot. Thus, the mobile 
station apparatus transmits ACK to the base station apparatus 
to notify that demodulation of MLI has succeeded. After 
receiving ACK, the base station apparatus stops transmission 
of MLI because there is no need to transmit MLI till the next 
communication frame. That is, in the relevant communication 
frame, slots containing no MLI are transmitted to the mobile 
station apparatus. 
0100 Here, in the second embodiment, the base station 
apparatus shall transmit slots containing no MLI after trans 
mitting, for example, one slot upon arrival of ACK. This is 
because of a situation that, in the base station apparatus, 
processing to transmit the next slot is already underway when 
ACK is received and thus it is not easy to stop transmission of 
MLI with a slot immediately after reception of ACK. 
0101. As shown in FIG. 7, because demodulation of MLI 
has succeeded with the second slot, the mobile station appa 
ratus transmits ACK to the base station apparatus. Since the 
base station apparatus has already started processing to trans 
mit a third slot containing MLI when ACK is received, the 
base station apparatus transmits the third slot containing MLI 
as it is. Then, as a fourth slot, a slot containing no MLI is 
generated and transmitted. The mobile station apparatus 
receives the third slot assuming that it contains MLI, and then 
the fourth and following slots assuming that they do not 
contain MLI and contain only CE and user data to demodulate 
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user data. A case in which slots containing no MLI are trans 
mitted one slot after receiving ACK by the base station appa 
ratus is described in FIG. 7, but the present invention is not 
limited to this case. For example, after ACK is received by the 
base station apparatus, n (n is a natural number) slots con 
taining MLI may be generated before generating slots con 
taining no MLI. 
0102 Since, with the wireless communication system 
according to the second embodiment, as described above, 
slots containing no MLI are generated in the relevant com 
munication frame after generating n (n is a natural number) 
slots containing MLI upon arrival of ACK, processing under 
a light load can be performed with sufficient lead time. Also, 
since a time required for generating n slots containing MLI 
after receiving ACK is allocated to preparations for generat 
ing slots containing no MLI, time management in slots can be 
performed. 

Third Embodiment 

0103) Next, a wireless communication system according 
to a third embodiment will be described. Anassumption of the 
MTPC systems is that a base station apparatus grasps channel 
conditions. Thus, it is possible to estimate the number of slots 
required for a mobile station apparatus to succeed in demodu 
lation of MLI. Consequently, in the wireless communication 
system according to the third embodiment, information rep 
resenting the number of slots containing MLI is added to the 
MLI in the base station apparatus. If the mobile station appa 
ratus succeeds in demodulation of MLI and information rep 
resenting the number of slots, the number of slots containing 
MLI can be grasped. 
0104 FIG. 8 is a block diagram showing the configuration 
of a mobile station apparatus according to the third embodi 
ment. The same reference numerals are attached to blocks 
with the same function as those of the mobile station appara 
tus according to the first embodiment shown in FIG. 3 for 
description. As shown in FIG. 8, a mobile station apparatus 
120 has a receiving circuit 121 and a transmitting circuit 122. 
An RF signal received by the receiving antenna 211 is down 
converted by the RF converter 212 and input into the receiv 
ing circuit 121. An output signal of the RF converter 212 input 
into the receiving circuit 121 is input into the analog/digital 
conversion circuit 213 to convert the signal from an analog 
signal into a digital signal. A digital signal output by the 
analog/digital conversion circuit 213 is input into the demul 
tiplexer 214 to demultiplex and output the signal to the CE 
part 205, the MLI symbol part 206, and the user data symbol 
part 204 in accordance with the slot configuration shown in 
FIG. 17. 
0105. The Fourier transformation circuit (FFT circuit) 
215-1 performs a Fourier transformation of an output signal 
of the demultiplexer 214 to reproduce a received CE. The 
channel estimation circuit 216 compares a received CE input 
from the Fourier transformation circuit 215-1 and the refer 
ence CE to estimate channel characteristics. 
0106. The Fourier transformation circuit (FFT) 215-2 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received MLI symbol. The 
channel compensation circuit 217 makes channel compensa 
tion for a reproduced received MLI symbol based on an 
estimation result of the channel estimation circuit 216. 
0107. A vector adding circuit 123 performs a vector addi 
tion of an output signal of the channel compensation circuit 
217 and an output signal of a storage circuit 124. The storage 
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circuit 124 stores an output signal of the vector adding circuit 
123. A switching circuit 125 switches an output signal of the 
channel compensation circuit 217 and an output signal of the 
vector adding circuit 123. The symbol demodulation circuit 
218 demodulates MLI from MLI symbols output from the 
switching circuit 125. The error detection circuit 219 detects 
errors from an output signal of the symbol demodulation 
circuit 218 using error detecting code and the like. 
0108. Here, vector addition processing by the vector add 
ing circuit 123 will be described with reference to a flow chart 
shown in FIG. 9. An operation of vector addition processing 
when an N-th slot after demodulation of MLI is received will 
be described below. When a demodulation operation starts, 
the Switching circuit 125 is set to output an output signal of 
the channel compensation circuit 217. 
0109. In FIG.9, the N-th slot is first received (step R1) and 
MLI of the received N-th slot is demodulated without per 
forming a vector addition (step R2). The error detection cir 
cuit 219 determines whether or not MLI has been correctly 
demodulated (step R3) and, if MLI has not been correctly 
demodulated, the switching circuit 125 is switched to the 
vector adding circuit 123 side (step R4). 
0110. The vector adding circuit 123 performs a vector 
addition of an MLI symbol part of the N-th slot output by the 
channel compensation circuit 217 and a vector addition result 
of MLI symbol parts of the first slot to the (N-1)-th slot stored 
in the storage circuit 124 (step R5). The storage circuit 124 
stores a vector addition result of MLI symbol parts of the first 
slot to the N-th slot output by the vector adding circuit 123 
(step R6). Then, the symbol demodulation circuit 218 
demodulates the vector addition result (step R7). 
0111. Next, the switching circuit 125 is switched to the 
channel compensation circuit 217 (step R8) to make the error 
detection circuit 219 determine whether or not the vector 
addition result has been correctly demodulated (step R9). If 
demodulation of the vector addition result is determined to 
have failed as a result of determination in step R9, the next 
step is to return to step R1 to receive the next (N+1)-th slot. 
Hereinafter, the operation follows rules described above. If 
demodulation is determined to have Succeeded as a result of 
determination in step R3 or step R9, data stored in the storage 
circuit 124 is discarded (step R10). If demodulation of MLI is 
Successful, user data in slots existing in the same communi 
cation frame is demodulated using the MLI. When the next 
communication frame is received, MLI is again demodulated 
by the above-described method. 
0112 That is, while MLI of each slot in the same commu 
nication frame is the same, there is no correlation among 
noise components contained in these slots. Therefore, by 
performing a vector addition as described above, only desired 
signal power can be strengthened to improve SNR. 
0113) If, in FIG. 8, no error is detected in an output signal 
of the symbol demodulation circuit 218, the error detection 
circuit 219 outputs data indicating Successful demodulation 
of MLI to an MLI transmission slot number extraction circuit 
126. 

0114. The demodulation level designation circuit 220 des 
ignates the demodulation level of each sub-carrier of user data 
based on the demodulated MLI. 
0115 The Fourier transformation circuit (FFT) 215-3 per 
forms a Fourier transformation of an output signal of the 
demultiplexer 214 to reproduce a received user data. The 
channel compensation circuit 221 makes channel compensa 
tion for a reproduced received user data symbol based on an 
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estimation result of the channel estimation circuit 216. The 
symbol demodulation circuit 222 demodulates the received 
user data symbol for which channel compensation has been 
made by the channel compensation circuit 221 by a demodu 
lation level of the user data symbol part of each sub-carrier 
designated by the demodulation level designation circuit 220. 
The decoder circuit 223 performs error correction and 
decompression processing of encoded user data demodulated 
by the symbol demodulation circuit 222 to decode user data. 
0116. In the receiving circuit 121 shown in FIG. 8, com 
ponents for demodulating CE, MLI, and user data can be 
Summarized as shown below: 
(1) The CE demodulation part composed of the FFT circuit 
215-1 

(2) An MLI demodulation part 127 composed of the FFT 
circuit 215-2, the channel compensation circuit 217, the vec 
tor adding circuit 123, the storage circuit 124, the Switching 
circuit 125, the symbol demodulation circuit 218, and the 
error detection circuit 219 
(3) The user data demodulation part 225 composed of the FFT 
circuit 215-3, the channel compensation circuit 221, the sym 
bol demodulation circuit 222, and the decoder circuit 223 
0117 The MLI transmission slot number extraction cir 
cuit 126 extracts the number of transmitted slots from MLI 
input from the symbol demodulation circuit 218 and outputs 
the number to an MLI reception control circuit 128 when data 
to notify that no error has been detected is input from the error 
detection circuit 219. That is, in the wireless communication 
system according to the third embodiment, slot number infor 
mation representing the number of slots containing MLI that 
the base station apparatus would transmit is added to the MLI. 
Thus, if the symbol demodulation circuit 218 succeeds in 
demodulation of MLI, the number of slots containing MLI 
can be grasped. 
0118. The MLI reception control circuit 128 controls, 
based on the number of transmitted slots input from the MLI 
transmission slot number extraction circuit 126, the demulti 
plexer 214, the MLI demodulation part 127, and the user data 
demodulation part 225. That is, demodulation processing of 
user data is performed by ignoring MLI until the number of 
received slots reaches the number of slots grasped by the MLI 
reception control circuit 128 because slots containing MLI 
are transmitted until then and, after the number of received 
slots reaches the number of slots grasped by the MLI recep 
tion control circuit 128, demodulation processing of user data 
is performed by assuming that slots containing no MLI are 
transmitted. MLI whose demodulation processing has suc 
cessfully been performed by the symbol demodulation circuit 
218 is used for performing demodulation processing of user 
data. 
0119. In the above description, an embodiment was shown 
in which a signal whose channel compensation has been 
made by the channel compensation circuit 217 is input into 
the vector adding circuit 123, and an output signal of the 
channel compensation circuit 217 and an output signal of the 
vector adding circuit 123 are switched by the switching cir 
cuit 125 to be input into the symbol demodulation circuit 218, 
but the present invention is not limited to this embodiment. 
For example, a configuration may be adopted in which an 
output signal of the demultiplexer 214 is directly input into 
the vector adding circuit 123, and an output signal of the 
demultiplexer 214 and an output signal of the vector adding 
circuit 123 are switched by the switching circuit 125 to be 
input into the FFT circuit 215-2. 
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0120 In the mobile station apparatus 120, transmission 
data (user data) is input into the transmitting circuit 122. In 
the transmitting circuit 122, for example, coding processing, 
modulation processing, and processing to feedback a channel 
estimation result signal input from the channel estimation 
circuit 216 to a base station as information data are performed 
with respect to the transmission data. Then, the transmission 
data undergoes digital/analog conversion, and is up-con 
verted into an RF signal by the RF converter 226 and trans 
mitted by the transmitting antenna 227. 
0121 Next, the configuration of a base station apparatus 
according to the third embodiment will be described with 
reference to FIG. 10. The same reference numerals are 
attached to blocks with the same function as those of the base 
station apparatus according to the first embodiment shown in 
FIG. 4 for description. As shown in FIG. 10, a base station 
apparatus 130 has the transmitting circuit 131 and the receiv 
ing circuit 132. In the transmitting circuit 131, the modulation 
level/transmission power designation circuit 233 determines, 
based on a channel estimation result signal acquired as 
received data by the receiving circuit 132, transmission power 
of each Sub-carrier for transmitting user data (transmission 
data) and the modulation level of each sub-carrier for trans 
mitting user data. The encoder circuit 234 performs process 
ing Such as compression coding of user data (transmission 
data) and addition of error correction code, and the symbol 
modulation circuit 235 modulates, based on the modulation 
level of each sub-carrier determined by the modulation level/ 
transmission power designation circuit 233, user data 
encoded by the encoder circuit 234. The transmission power 
control circuit 236 regulates an output signal of the symbol 
modulation circuit 235 to a value determined by the modula 
tion level/transmission power designation circuit 233 for each 
sub-carrier, and the IFFT circuit 237 performs an inverse 
Fourier transformation of an output signal of the transmission 
power control circuit 236 for output. 
0122) The MLI generating circuit 238 generates MLI 
based on the modulation level of each sub-carrier for trans 
mitting user data determined by the modulation level/trans 
mission power designation circuit 233. Also, the MLI gener 
ating circuit 238 adds, based on estimation data input from an 
MLI transmission slot number estimation circuit 133 
described later, data representing the number of slots into 
which MLI should be incorporated to MLI. The symbol 
modulation circuit 239 modulates MLI generated by the MLI 
generating circuit 238. The IFFT circuit 240 performs an 
inverse Fourier transformation of an output signal of the 
symbol modulation circuit 239 for output. 
0123. The CE generating circuit 241 generates a CE and 
the IFFT circuit 242 performs an inverse Fourier transforma 
tion of a CE generated by the CE generating circuit 241 for 
output. 
0.124. In the transmitting circuit 131 shown in FIG. 10, 
components for modulating CE, MLI, and user data can be 
Summarized as shown below: 
(1) The CE modulation part 247 composed of the CE gener 
ating circuit 241 and the IFFT circuit 242 
(2) The MLI modulation part 248 composed of the MLI 
generating circuit 238, the symbol modulation circuit 239, 
and the IFFT circuit 240 
(3) The user data modulation part 249 composed of the 
encoder circuit 234, the symbol modulation circuit 235, the 
transmission power control circuit 236, and the IFFT circuit 
237 
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0.125. The multiplexer 243 multiplexes output signals of 
three IFFT circuits (237, 240, and 242) to match the slot 
configuration shown in FIG. 17. 
0.126 The MLI transmission slot number estimation cir 
cuit 133 estimates, based on a channel estimation result signal 
input from the receiving circuit 132, the number of slots to be 
transmitted using the modulation level and transmission 
power designated by the modulation level/transmission 
power designation circuit 233 and outputs an estimation 
result to the MLI generating circuit 238 and a transmission 
operation control circuit 134. 
I0127. The transmission operation control circuit 134 con 
trols, based on an estimation result input from the MLI trans 
mission slot number estimation circuit 133, the MLI modu 
lation part 248, the user data modulation part 249, and the 
multiplexer 243 so that the estimated number of slots con 
taining MLI are generated and, after the number of generated 
slots reaches the estimated number of slots, slots containing 
no MLI are generated. 
I0128. The digital/analog conversion circuit 244 converts 
an output of the multiplexer 243 from a digital signal into an 
analog signal. An analog signal output by the digital/analog 
conversion circuit 244 is up-converted into an RF signal by 
the RF converter 245 and transmitted by the transmitting 
antenna 246. 

I0129. An RF signal received by the receiving antenna 250 
is down-converted by the RF converter 251 and input into the 
receiving circuit 132. In the receiving circuit 132, for 
example, analog/digital conversion processing, demultiplex 
ing into various signals, and various demodulation processing 
are performed to output received data (user data). Also, in the 
receiving circuit 132, channel conditions are estimated based 
on a received signal and an estimation result signal is output 
to the transmitting circuit 131. 
0.130 Next, an operation of the mobile station apparatus 
according to the third embodiment constructed as described 
above will be described with reference to a flow chart shown 
in FIG. 11. In the mobile station apparatus 120, when the 
receiving circuit 121 receives a slot containing CE, MLI, and 
user data (step P1), the MLI demodulation part 127 demodu 
lates MLI (step P2). The MLI contains error checking bits and 
the like, and the error detection circuit 219 in the MLI 
demodulation part 127 determines whether or not demodula 
tion of MLI has succeeded, that is, no error is detected (step 
P3). If demodulation of MLI fails, that is, an error is detected, 
preparations for receiving the next slot again are made after 
going back to step P1. 
I0131) If, on the other hand, in step P3, demodulation of 
MLI is successful, that is, no error is detected, the MLI 
transmission slot number extraction circuit 126 acquires the 
number of slots containing MLI (number of MLI transmis 
sion slots) (step P4). This number of slots is, for example, 
three. The mobile station apparatus 120 receives slots assum 
ing that slots containing MLI are transmitted until three slots 
are received, and then receives slots assuming that the fourth 
and following slots contain no MLI in the relevant commu 
nication frame. 

(0132. Then, user data is demodulated based on MLI 
demodulated in step P2 (step P5) to determine whether or not 
as many slots as the number of MLI transmission slots 
(“three' in the above example) have been received (step P6). 
If as many slots as the number of MLI transmission slots have 
not been received, slots containing MLI, that is, slots contain 
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ing CE, MLI, and user data are received (step P7). Here, since 
demodulation of MLI has succeeded in step P2, MLI received 
in step P7 is ignored. 
0133) If, in step P6, as many slots as the number of MLI 
transmission slots have been received, slots containing no 
MLI, that is, slots containing CE and user data Successively 
transmitted from the base station apparatus are received (step 
P8). Then, MLI demodulated in step P2 is used to demodulate 
user data received in step P8 (step P9). Operations of step P8 
to step P10 are repeated until the relevant communication 
frame is completed. That is, between a time when demodu 
lation of MLI succeeds and a time when the relevant commu 
nication frame is completed, demodulation is performed 
under the assumption that received slots contain only CE and 
user data. If, in step P10, the relevant communication frame is 
completed, the next step is to go back to step P1 to receive 
slots under the assumption that slots containing MLI will be 
transmitted again in the next communication frame. 
0134) Next, an operation of the base station apparatus 
according to the third embodiment will be described with 
reference to a flow chart shown in FIG. 12. In the base station 
apparatus 130, the transmitting circuit 131 determines the 
modulation level and transmission power (step Q1). That is, it 
is assumed in the MTPC system that the base station appara 
tus 130 grasps a channel estimation result based on a feedback 
from the mobile station apparatus 120 and the like. The trans 
mitting circuit 131 determines the modulation leveland trans 
mission power for each sub-carrier based on the channel 
estimation result so that SNR required for the mobile station 
apparatus 120 is obtained. Next, the MLI transmission slot 
number estimation circuit 133 in the transmitting circuit 131 
estimates the number of slots of MLI to obtain SNR required 
for the mobile station apparatus 120 by performing a vector 
addition of MLI to determine the number of slots to be trans 
mitted (step Q2). Here, if the mobile station apparatus 120 
fails to demodulate MLI even if as many slots as determined 
above are received, user data cannot be demodulated until the 
next communication frame. Therefore, the number of slots 
thus determined must be determined so that sufficient signal 
power can be obtained for demodulating MLI in the mobile 
station apparatus 120. 
0135) Next, MLI generated by the MLI generating circuit 
238 is determined (step Q3) and slots containing CE, the 
above determined MLI, and user data are transmitted (step 
Q4). If here, the number of slots containing MLI is deter 
mined, for example, to be “three the transmitting circuit 131 
transmits only three slots to which MLI is added. Then, the 
fourth slot and following slots are transmitted without incor 
porating MLI in the slots until the next communication frame. 
That is, whether or not as many slots as the number of MLI 
transmission slots have been transmitted is determined (step 
Q5). If as many slots as the number of MLI transmission slots 
have not been transmitted, the next step is to go to step Q4. If 
on the other hand, as many slots as the number of MLI 
transmission slots have been transmitted, slots containing no 
MLI, that is, slots containing CE and user data are transmitted 
(step Q6). Next, whether or not the relevant communication 
frame is completed is determined (step Q7). If not completed, 
the next step is to go to step Q6. If completed, on the other 
hand, the next step is to return to Q1 to determine MLI again 
based on a channel estimation result and to start transmission 
of slots containing MLI. 
0136. By selecting the number of slots containing MLI as 
information all representing the same numeric value (“3” in 
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the above example), as described above, it becomes possible 
for the mobile station apparatus to grasp the number of slots 
containing MLI by counting the number of slots received 
from the start of a communication frame and also to clearly 
distinguish between slots containing MLI and those contain 
ing no MLI. 
0.137 Also, by defining the number of slots containing 
MLI as information representing the remaining number of 
times of transmission of slots containing MLI, even though a 
signal cannot be detected by the receiving circuit of the 
mobile station apparatus and a slot is missed, it is still possible 
to grasp how many slots containing MLI remain to be trans 
mitted and in which stage slots containing no MLI will be 
transmitted without counting the number of received slots 
from the start of a communication frame if demodulation of 
MLI (and slot number information) in other slots is success 
ful. This enables the mobile station apparatus to prevent 
reception of a slot containing no MLI as one containing MLI 
by mistake. 
0.138. Further, in the wireless communication system 
according to the first embodiment, slots containing MLI 
change depending on mobile station apparatus conditions 
because slots containing no MLI are generated after waiting 
for reception of ACK. In contrast, in the wireless communi 
cation system according to the third embodiment, if demodu 
lation of a slot containing any of MLI is successful in the 
mobile station apparatus, processing in the mobile station 
apparatus is simplified because the number of slots contain 
ing MLI becomes evident. 
0.139. Since, with the wireless communication system 
according to the third embodiment, as described above, trans 
mission of unnecessary MLI is eliminated, a time occupied by 
unnecessary MLI in a slot is eliminated and the time can now 
be used for transmission of user data. As a result, improve 
ment of transmission efficiency can be sought. 

Fourth Embodiment 

0140. In a wireless communication system according to a 
fourth embodiment, as described above, the slot length is 
shortened by deleting a time allocated to unnecessary MLI in 
a slot when generating slots containing no MLI. Then, as a 
result of shortened slot length, slots having a shortened slot 
length containing no MLI are further generated in accordance 
with an idle time generated in one communication frame. 
0141 FIG. 13 is a diagram showing a configuration 
example of the frame format of the wireless communication 
system according to the fourth embodiment. Assuming, for 
example, that the frame length of one communication frame 
is fixed at 2 ms, and 10 us is allocated to CE, 10us to MLI, and 
80 us to user data. In FIG. 13, MLI is contained in the first to 
third slots, but MLI is not contained in the fourth and follow 
ing slots. Thus, while the slot length of a slot containing MLI 
is 100 us, the slot length of a slot containing no MLI is 90 us. 
Since the frame length is fixed at 2 ms, 20 slots can be 
transmitted in one communication frame when MLI is trans 
mitted in all slots like a conventional technology, but in the 
fourth embodiment, up to 22 slots can be transmitted. 
0142. With the wireless communication system according 
to the fourth embodiment, as described above, the number of 
slots that can existina communication frame of the same time 
length as a conventional communication frame can be 
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increased. Since this enables transmission of more user data, 
improvement of transmission efficiency can be sought. 

Fifth Embodiment 

0143. In a wireless communication system according to a 
fifth embodiment, as described above, instead of MLI, user 
data is allocated to a time that has been allocated to MLI in a 
slot when generating slots containing no MLI. Then, slots 
containing no MLI are generated without changing the slot 
length. The present invention is Suitable to a system like 
TDMA, for example, in which the slot length must be main 
tained constant. 
014.4 FIG. 14 is a diagram showing a configuration 
example of the frame format of the wireless communication 
system according to the fifth embodiment. Assume, for 
example, that the frame length of one communication frame 
is fixed at 2 ms, and 10 us is allocated to CE, 10us to MLI, and 
80 us to user data. In slots containing no MLI, a section that 
has been allocated to MLI is replaced by a user data section so 
that an originally allocated user data section is extended. That 
is, a time of 10 us has been allocated to MLI and, by allocating 
user data to the time instead, the section allocated to user data 
is increased by 10 us to a total of 90 us. Though the number of 
slots in one communication frame of this system is 20 and 
thus the same as that of a conventional communication frame, 
transmission efficiency can be improved because user data 
occupies a larger portion in a slot. 
0145 With the wireless communication system according 
to the fifth embodiment, as described above, a ratio occupied 
by user data in a slot of the same time length as a conventional 
slot can be increased. Since this enables transmission of more 
user data, improvement of transmission efficiency can be 
sought. 

EXPLANATION OF REFERENCE NUMERALS 

0146) 103: Reception operation control circuit 
0147 113: Transmission operation control circuit 
0148 123: Vector adding circuit 
0149 124: Storage circuit 
0150 125: Switching circuit 
0151 126: MLI transmission slot number extraction cir 
cuit 

0152 128: MLI reception control circuit 
0153. 133: MLI transmission slot number estimation cir 
cuit 

0154 134: Transmission operation control circuit 
1. A mobile station apparatus in a system in which a base 

station apparatus transmits, to the mobile station apparatus, a 
slot capable of transmitting user data and control information 
necessary for reception processing of the user data, 

wherein information indicating a slot containing no control 
information is received, and 
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the reception processing of the user data of the slot con 
taining no control information is performed based on 
previously received control information. 

2. A mobile station apparatus in a system in which a base 
station apparatus transmits, to the mobile station apparatus, a 
slot capable of transmitting user data and control information 
necessary for reception processing of the user data, 

wherein, when a received slot does not contain the control 
information, the reception processing of the user data is 
performed based on previously received control infor 
mation. 

3. A base station apparatus in a system in which the base 
station apparatus transmits, to a mobile station apparatus, a 
slot capable of transmitting user data and control information 
necessary for reception processing of the user data, 

wherein information indicating a slot containing no control 
information is transmitted, and 

the transmission processing of the user data of the slot 
containing no control information is performed based on 
previously notified control information. 

4. A method of processing a signal in a mobile station 
apparatus in a system in which a base station apparatus trans 
mits, to the mobile station apparatus, a slot capable of trans 
mitting user data and control information necessary for recep 
tion processing of the user data, 

wherein information indicating a slot containing no control 
information is received, and 

the reception processing of the user data of the slot con 
taining no control information is performed based on 
previously received control information. 

5. A method of processing a signal in a mobile station 
apparatus in a system in which a base station apparatus trans 
mits, to the mobile station apparatus, a slot capable of trans 
mitting user data and control information necessary for recep 
tion processing of the user data, 

wherein, when a received slot does not contain the control 
information, the reception processing of the user data is 
performed based on previously received control infor 
mation. 

6. A method of processing a signal in a base station appa 
ratus in a system in which the base station apparatus trans 
mits, to a mobile station apparatus, a slot capable of transmit 
ting user data and control information necessary for reception 
processing of the user data, 

wherein information indicating a slot containing no control 
information is transmitted, and 

the transmission processing of the user data of the slot 
containing no control information is performed based on 
previously notified control information. 
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