-1 - DESCRIPTION WIRELESS COMMUNICATION APPARATUS AND
WIRELESS COMMUNICATION METHOD Technical Field [0001] The
present invention relates to a wireless communication apparatus and
wireless communication method that use an OFDM modulation scheme
and that perform UWB communication in which a transmission signal is
spread over a wide band, and more_specifically to an MB-OFDM-based
wireless communication apparatus and wireless communication method
that perform a reception process of transmission data spread over the
frequency domain and the time domain. Background Art [0002] Recently,
a wireless communication schémeiHatalfioWs high-speed transmission at
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METREgNtion. For example, in the U.S., spectral mask for UWB was specified
by the FCC (Federal Communications Commission), and, in indoor
environments, UWB transmission can be performed at a band of 3.1 GHz
to 10.6 GHz. UWB communication allows high-speed wireless

Techahsmissioreihdpite of, due to its transmission - 2

[0001]

The present invention relates to a wireless
communication apparatus and wireless communication method
that use an OFDM modulation scheme and that pewxform UWB
communication in which a transmission signal is spread over
a wide band, and more specifically to an MB-OFDM-based
wireless communication apparatus and wireless communication
method that perform a reception process of transmission data
spread over the frequency domain and the time domain.
Background Art
[0002]

Recently, a wireless communication scheme that allows
high-gpeed tTransmission at a speed higher than or equal to
100 Mbps using a very wide frequency band, called "ultra
wideband (UWBR) communication", has attracted attention. For
example, in the U.S., spectral mask for UWB was specified by
the FCC (Federal Communications Commission), and, in indoor
environments, UWB transmission can be performed at a band of
3.1 GHz to 10.6 GHz. UWB communication allows high-speed

wireless transmission in spite of, due to its transmission



power, a wireless communication scheme designed for near- field
applications. Thus, a PAN (Personal Area Network) with a communication
range of about 10 m is assumed, and UWB communication is expected to
be put into practice as a wireless communication system implementing
near-field ultra high-speed transmission. [0003] For example, in the IEEE
802.15.3 Standard Board, a data transmission scheme with a packet
structure including a preamble has Beén developed as an access control
scheme for UWB communication. In this Board, a DSSS (Direct
Sequence Spread Spectrum)-UWB scheme with the spreading speed of
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[0003]

For example, in the IEEE 802.15.3 Standard Board, a
data transmission scheme with a packet structure including a
preamble has been developed as an access control scheme for
UWB communication. In this Board, a DSSS (Direct Sequence
Spread Spectrum)-UWB scheme with the spreading speed of a DS
(DirectSpread) information signal having been increased to
the maximum limit, and an OFDM _UWB scheme employing an OFDM
modulation scheme were defined as UWB transmission schemes,
and trials of the regpective schemes are being carried out.
According to OFDM (Orthogonal Fregquency Division
Multiplexing) transmission, it is possible to avoid
reduction in the transmigsion quality caused by phasing of
radio signalg and to realize high-speed high-quality
wireless transmission.

{0004]

For the latter OFDM UWB scheme, a multi-band scheme

(hereinafter referred tc as an "MB-OFDM scheme") in which a

band of 3.1 GHz to 10.6 GHz, which was specified by the FCC,



is divided into a plurality of subbands each having a bandwidth of 528
MHz and in which frequency hopping (FH) is performed between the
subbands has been examined. According to the FH scheme,
communication may fail due to the effects from other systems, but
communication is not substantially interrupted because the frequency is
constantly changing. That is, coexistence with other systems is possible,
and high phasing resistance and 'ea%y“"scalability are achieved. [0005]
Moreover, as another UWB application, a wireless version of USB
(Universal Serial Bus), which has been widely used as a general-purpose
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high phasing resistance and easy scalability are achieved.
[0005]

Moreover, as ancother UWB application, a wireless
version of USR {Universal Serial Bus)}, which has been widely
used as a general-purpeose interface for personal computers,
i.e., "Wireless UWB", has been examined. Since UWB is a
near-field large-capacity wireless communication scheme,
high-speed data transmission in an ultra-short-range area
such ag an ultra-high-speed near-field DAN (Device Area
Network) including a storage device can be realized. For
example, a mobile digital device, such as a digital camera
or a mugic player, and a television set or a personal
computer can be wirelessly connected within a short range to
transfer a large capacity of data such as a moving image or
music data of a CD at a high speed for a short time.
Wireless USB utilizes the MB-OFDM scheme as a communication
scheme (Phy layer and MAC layer).

[00068]



Currently, with regard to the MB-OFDM scheme, the content of
discussion in the IEEE 802.15.3 TG 3a substantially directly corresponds
to the ECMA (European Computer Manufacturer Association) standard,
and the standard specification of the PHY layer and MAC layer ina UWB
communication system is described in ECMA-368 (see, for example,
Non-Patent Document 1). [0007] According to this standard specification,
MB-OFDM communication systerﬁs%rﬁploy a communication scheme in
which transmission data is spread over the frequency domain and the
time domain. The term "spread" as used herein means that the
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Ratio). [0008] Fig. 12 illustrates a mechanism, of data communication - 5
B comminlication system 1s described in ECMA-368 (see, for

example, Non-Patent Document 1).
[0007]

According to this sﬁandard gpecification, MB-OFDM
communication systems employ a communication scheme in which
transmission data is spread over the frequency domain and
the time domain. The term "spread" as used herein means
that the transmission of the same data is performed a
plurality of times using a plurality of spread positions
(hereinafter algo referyved to as "blocks") on the frequency
domain and the time domain. In OFDM transmission, two-
dimengional spreading in the frequency domain and time
domain directions would optimize a spreading factor
according to the line state, resulting in optimum
performance (see, for example, Pateﬁt Document 1) . Moreover,
on the receiving side, superpocsition of the same data
received the plurality of times allows an improvement in SNR
(Signal-to-Noise Ratio).

[0008]

Fig. 12 illustrates a mechanism of data communication



based on such a spreading scheme. Three subbands (frequency

channels) having center frequencies Fl, F2, and F3 are provided on the

frequency domain, and frequency hopping is performed between the

subbands in a round robin fashion for each OFDM symbol. Further, when

viewed on the time domain, OFDM signals are transmitted at

predetermined transmission timings Tl, T2, T3, ... . [0009] One OFDM

symbol is divided into two blocks at tRe “center frequency thereof, and the

same data is transmitted using the first half and second half blocks. For

example, Al and A2, which are carried on the first half and second half
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One OFDM symbol is divided into twe blocks at the
center frequency thereof, and the same data is transmitted
using the first half and second half blocks. For example,
A1 and A2, which are carried on the first half and second
half portions of an OFDM sgymbel transmitted over the subband
having the center frequency Fl at the time Ti, represent the
same data, data A. The game data is further transmitied
using two consecutive OFDM symbols. Thus, A3 and A4, which
are carried on the first half and second half blocks of an
OFDM symbol transmitted over the subband having the center
frequency F2 at the time T2, represent the data A, which is
the same as Al. The sending of the data A two times using
the first half and gecond half portions of one OFDM gymbol
means that the same data is sent a plurality of times at
different spread positions on the frequency domain, and thus
corresponds to "Frequency Domain Spreading (FDS}". Further,

the sending of the data A over two consecutive OFDM symbols



means that the same data is sent a plurality of times at different spread
positions on the time domain, and thus corresponds to "Time Domain
Spreading (TDS) ". The same applies to other blocks B1 to B4 and C1 to
C4. [0010] Meanwhile, in Stored-and-Forward-Switching communication
systems, packet communication in which transmission data is assembled
into transmission units called packets and is then sent and received
between communication stations s 6er’1erally adopted. A packet is
basically composed of a preamble formed of a known training sequence
for finding a packet or acquiring a synchronization timing, a PLCP
meaymhysie Lajer Eafverdehte FiokRBI Medddkeild PryheabtlieRehPa

. .PSDU (Physical | ayer Service Data Unit) as a P ayload. Fig. 13
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header and a Phy header. [0011] Accordingto the ECMA standard

appspeaification; Beplusdlity- BEdata rateaucmas §3.3tMbps,.80 Mbps, 106.7
Mbps, 160 Mbps, 200 Mbps, 320 Mbps, 400 Mbps, and 480 Mbps are

[00d8dcified, and the number of times data to be sent is spread is specified
to be four for 53.3 Mbps to 8Q Mbps, two for pnggﬂc%s tg 200 Mbps,
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communication systems, packet communication in which
transmigssion data is assembled into transmission units
called packets and is then sent and receilved between
communication stations 1sg generally adopted. A packet is
basically composed of a preamble formed of a known training
sequence for finding a packet or acquiring a synchronization
timing, a PLCP {(Physical Layer Convergence Protocol) header
as a Phy header, and a PSDU {(Physical Layer Service Data
Uﬁit) ags a Phy payload. Fig. 13 shows an example format of
a packet (Phy frame). As shown in the figure, the PLCP
header includes important information such as a MAC header
and a Phy header.

[o011]

According to the ECMA standard specification, a
plurality of data rates such as 53.3 Mbps, 80 Mbps, 106.7
Mbps, 160 Mbps, 200 Mbps, 320 Mbps, 400 Mbps, and 480 Mbps
are specified, and the number of times data to be sent is
spread is specified to be four for 53.3 Mbps to 80 Mbps, two

for 106.7 Mbps to 200 Mbps, and one for 320 Mbps to 480 Mbps.



Link adaptation in which a data rate, a coding rate, and a modulation
scheme are adaptively set, together with the number of times data is
spread, according to the communication state etc., is possible. However,
it is specified that the PLOP header portion describing important
information for packet transmission be delivered at the lowest data rate
(53.3 Mbps) regardless of the communication ;environment and is also
specified that the data to be sent ~be7sp“"read over the frequency domain
and the time domain in order to improve the SNR. [0012] [Table 1] Data
Rate Coding Coded Bits / Info Bits / (Mb/sj Modulation Rate FDS TDS 6
Linko REMISYHIEES OF DBy ol SEDANEAPSs) INIBPESIS I3 EPSRARE @
YES YES 300 100 80 QPSK 1/2 YES YES 300 150 ]136 7 gfﬁ#%g%l\lo
S

modGEREAGE 266 86 GPSKk 12 ROVEBSYG 300 SHTOREK
B9 375 320, DCM L2 NQ NO 1200 600148 REM 58NGLNO 1 200 750

DCM 3/4 NO NO 1200 900 [0013] If frequency domain spreading and
comtieidemainrspieadiag «are. periermsskioinpeave dasrSNR-even thiaugh

spegg}ied that the PLCP header portion describing important
information for packet transmission be delivered at the
lowest data rate (53.3 Mbps) regardless of the communication
senvironment and is also specified that the data to be sent

be spread over the frequency domain and the time domain in

order to improve the SNR.

(0012}
[Table 1]
Data Rate . Caoding Coded Bits / info Bits /
(Mbs) Medulation Rate FDES | TDB 8 OFDM Symbol 8 OFDM Symbel
(R) {Ncapss) (N;gpas)
53,3 QPSK 13 YES | YES 300 100
86 QFPSK 142 YES | YES 306 150
1087 QPSK 173 NO | YES 600 200
160 apPsK 1/2 NO YES 800 300
200 QPSK 5/8 NO | YES 800 375
320 DCM 142 NO NO 1200 600
400 DCM &8 NO NO 1200 780
480 DCM 3/4 NO NO 1200 800
[0013]

If fregquency domain spreading and time domain spreading
are performed to improve the SNR even though the

communication environment is good, communicatiocn



communication environment is good, communication 8 characteristics are

excessively improved, which is in itself not a problem. However,

performing the reception of the spread signal and a despreading process

on the receiver side would introduce a further problem in that power

consumption increases more than necessary. [0014] Moreover, also in

Wireless USE, it is specified that a payload portion of a control packet

called MMC (Micro- scheduled Mdnef’ge‘ment Commands) be sent and

received at a low data rate regardless of the communication environment

and that data be spread over the frequency domain and the time domain
chajppeider ie iprove e SNRSWREE Has A problad  sintilafto tratin itself

described.above. [0015] Patent Document 1: Japanese Unexamine
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Disclosure of Invention Technical Problem [0016] It is an object of the

wouPEESeAt iventen o piovidea suRstEMB-ORDMbasedvirelegsumption
communication apparatus and wireless communication method in which a
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[0014]

Moreover, algo in Wireless USB, it is specified that a
payload portion of a control packet called MMC (Micro-
gcheduled Management Commands) be sent and received at a low
data rate regardless of the communication environment and
that data be spread over the frequency domain and the time
domain in order to improve the SNR, which has a problem
similar to that described above.

[0015]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2002-190788

Non-Patent Document 1: http://www.ecma-
international.org/publications/standards/Ecma-368.htm
Digsclosure of Invention

Technical Problem

[0016]

It is an object of the present invention to provide a
superior MB-OFDM-based wireless communication apparatus and
wireless communication method in which a reception process

of transmission data spread over the frequency domain and



of transmission data spread over the frequency domain and - 9 the time
domain can be efficiently performed. [0017] It is a further object of the
present invention to provide a superior wireless communication apparatus
and wireless communication method in which, as with a PLOP header
portion of a Phy frame in MB-OFDM communication or a payload portion
of an MMC in Wireless USE, a reception process can be efficiently
performed, with reduced power cbngurhption, on data to be sent and
received at a low data rate regardless of the communication environment
by performing a spreading process over the frequency domain and the
the tifgorAgira TecRatalSokfibh PR B The prdsetfityention has been
[OO:an de in view of the foregoing problem, and provides a wireless
communication apparatus that performs a reception process of a

trapsmissign sigrahinwhichdata g beisent wasspreadinio,a plyraligy of

blocks over a frequency domain or a time domain, characterized by
prointiisding aupeenitan processiag unihihat pesdfotiraa saepeptitrupracess of

a spread signal; a channel estimation and SNR estimation unit that
wirpdgerms dHaARerastiraator hhe SNR eghifmalion #F avéédivad Bighal; a

despreading unit that performs despreading of the received
heade -portgon OP apPhyrgramepin MéLO?DM communication or a

payload portion of an MMC in Wireless USB, a reception
process can be efficiently performed, with reduced power
consumpticn, on data to be sent and received at a low data
rate regardlesg of the communication environment by
performing a spreading process over the frequency domain and
the time domairn.

Technical Solution

[0018]

The pregent invention has been made in view of the
foregoing procbklem, and provides a wireless communication
apparatus that performs a reception process of a
transmission signal in which data to be sent was spread into
a plurality of blocks over a frequency domain or a time
domain, characterized by including a reception processing
unit that performs a reception process of a spread signal; a
channel estimation and SNR estimation unit that performs
channel egtimation and SNR estimation of a received signal;
a despreading unit that performs despreading of the received

gignal; a decoding unit that performs a decoding process of



signal; a decoding unit that performs a decoding process of - 10 the
received signal which has passed through the despreading unit; and a
control unit that controls operation of the despreading unit and the
reception processing unit on the basis of channel estimation and SNR
estimation results. [0019] UWB communication using a very wide
frequency band is expected as a wireless communication system
implementing near-field ultra higﬁ-sb%ed transmission, and is being
standardized. For example, in an OFDM_UWB communication system, a
spread data communication scheme in which the same data is
thetrgaspitieala phaaity of s dsiNg Bttty tBrpostondien despreading
.frequency domain and the time domain has géen em Ioe/ed. Ac oro}ig]g to
unifiREYata FIRSHRSIOHCherha b oRTRE TocEving %%ae, $0Befposttidh of

aesfgeeived spread signads allows animnrouementin N R [Q020) However,

It frequency domain spreading and time domain spreading are performed
bas@¥eRin 289068 coMBwlitatidnenvitanment, qertotsinga reeepiidps .

process of a spread signal a plurality of times on the receiver side has no
[00pi®blem in improving the SNR; however, although communication

characteristics are excessively improved, whigh_is in itself not a problem,
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exp@%%@ﬁnas a wirelegss communication system implementing
near-£fileld ultra high-speed transmission, and is being
standardized. For example, in an OFDM UWB communication
gystem, a spread data communication scheme in which the same
data is transmitted a plurality of times using a plurality
of positions on the fregquency domain and the time domain has
been employed. According to such a data transmission scheme,
on the receiving side, superposition of received spread
signals allows an improvement in SNR.
(00201

However, 1f frequency domain spreading and time domain
spreading are performed even in a good communication
environment, performing a reception process of a spread
signal a plurality of times on the recelver side has no
problem in improving the SNR; however, although
communication characteristics are excessively improved,
which ig in itself not a problem, power consumption
increases more than necessary, which may cause a problem.

[0021]



[0021] - 11 For example, it is specified that a PLOP header portion of a
Phy frame in MB-OFDM communication or a payload portion of an MMC

in Wireless USB be subjected to frequency domain spreading and time
domain spreading regardless of the communication environment. In a

good communication environment, a receiver performs a despreading
process on those spread signals although it is possible to perform a
reception process with data at one %e,‘resulting in power consumption
being increased more than necessary. [0022] A wireless communication
apparatus according to the present invention, on the other hand, is
colfigurertar s€lect Which &peceilibnchrbbeds éf a-ViB-DFEEI Sigiar fsion

f d, turnin [off of d di “the f ' ,
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of Yalugvand:an SNR estimation value ysing the preamblepartign. of domain -

packet. That is, when an estimated SNR value exceeds a certain value, a
sprelogknseleation: processing fove for duemings off dhe dedpreading ishstarted.
By terminating an unnecessary despreading process, therefore, power
compumsraptiomcamberetneat: {0023] ATV pimgni2aihkosase:
env e St I, e P o e a0 2 R R T Riogs
on@rent, P e g P
those spread signals although it is possible to perform a
reception process with data at one time, resulting in power
consumption being increased more than necessary.
[0022]

A wirelegs communication apparatus according to the
pregent invention, on the other hand, is configured to
gelect, when a reception process of an MB-OFDM signal is
performed, turning on/coff of despreading over the frequency
domain and despreading over the time domain on the basis of
a channel estimation value and an SNR estimation wvalue using
the preamble portion of a packet. That is, when an
estimated SNR value exceeds a certain value, a block
selection processing flow for turning off the despreading is
started. By terminating an unnecessary despreading process,
therefore, power consumption can be reduced.

[0023]
As shown in Fig. 12, in a case where the same data is

gent a plurality of times using a plurality of blocks on a

two-dimensional space determined by the frequency domain and



two-dimensional space determined by the frequency domain and - 12 the
time domain, due to different bands being used, individual blocks suffer
from different phasing effects. Accordingly, as a block selection method,
one or two blocks with good characteristics are selected from among a
plurality of blocks over which the same data has been spread. Then, no
despreading process is performed in a time zone other than that of the
selected block or blocks, and the™ oﬂ!@raﬁon of the corresponding circuit is
terminated. Thus, a reduction in power consumption can be realized.
[0024] When a spread signal is received, first, the control unit

the gbferminiesideRed Yirthb SNR eEakRlonIBERE VATHRE ¥F#ot a

. .despreading pracess of the received signal by using the despreading unit
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accBERIEYS AP improvermentin SR, iisdleteraines thas the despreadintheks
process iS necessary for all blocks that have been two-dimensionally

witBpepeskpoaidhe frequesey demaireard lhe-timé doneain panchdhe
despreading unit is activated. When the SNR exceeds the predetermined

pluyalibton die bieehanavie’ ddtérhinblcthadiife despreddifig processngead.
not necessary for a|l the blocks, and furthermore a&block se]Eeftion flgz\(lvefor

Th@?a&%é%%ﬁé%ﬁ%ﬂ%h RRhIME TR cdfing Processor the spreading =
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operation of the corresponding circuit is terminated. Thus,
a reduction in power consumption can bhe realized.
[0024]

When a spread signal is received, first, the control
unit determinesg, based on the SNR estimation result, whether
or not a despreading process of the received signal by using
the despreading unit is necessary. When the SNR is below a
predetermined value, in order to achieve an improvement in
SNR, it is determined that the despreading process is
necegsary for all blocks that have been two-dimensgionally
spread over the frequency domain and the time domain, and
the despreading unit is activated. When the SNR exceeds the
predetermined value, on the other hand, it is determined
that the despreading process is not necessary for all the
blocks, and furthermore a block selection flow for selecting
a block for which the decoding process or the spreading
process is performed on the basis of a channel estimation

result of each of the blocks is started,



result of each of the blocks is started. - 13 - [0025] In this block selection,
the control unit discriminates whether or not a block having a channel
estimation result indicating that the decoding process is possible without
despreading is present among a plurality of blocks over which the same
data has been spread. For example, for each block of an FFT-output
OFDM symbol, based on whether or not a channel estimation result
indicates that the number (or the“ra%ié) of sub-carriers exceeding a first
threshold value is greater than or equal to a predetermined value, it can
be determined whether or not the decoding process is possible without
[00@édpreading. Then, if a block having a good channel estimation result is

present, the despreading process in the despreading unit is_terminated
andfbriy s Blgek's S&utsieced s tl%lae&?d%& %q;ogé%gtrr: e g]glg%b?iﬁlga tes

whegﬁi Psrforping.a degading nrocess on.galy.ane block meansthat. the

espreading processes over both the frequency domain and time domain
indakesterminaiad [00R6] durthelibableckdos whichdbeslasndingipneass
is possible without despreading is not present in the received spread
dessigaall ing cortrpmasesubsenoratlpdistriiatey witethépskoca Block

_having a channel estimation result indicating that the decoding process is
Whlﬁ&gﬁg@[ﬁﬂm@ data has been spread. For example, for each

block of an FFT-output OFDM symbol, based on whether or not
a channel estimation result indicates that the number (or
the ratio) of sub-carriers exceeding a first threshold value
is greater than or equal to a predetermined value, it can be
determined whether or not the decocding procegg is possible
without despreading. Then, if a block having a good channel
estimation result is present, the despreading process in the
despreading unit is terminated and only this block is
subjected to the decoding process in the decoding unit.
Performing a decoding process on only one block means that
the despreading processes over both the frequency domain and
time domain are terminated.
[0026]

~ Further, if a block for which the decocding process is
possible without despreading is not present in the received
spread gignal, the control unit subsequently discriminates
whether or not a block having a channel estimation result
indicating that the decoding process is possible by

performing despreading together with some other blocks is



performing despreading together with some other blocks is - 14 present.
Then, once the presence of such some blocks has been able to be
confirmed, the despreading process is performed on only those some
blocks and the decoding process in the decoding unit is performed. For a
block not to be used, the corresponding circuit is terminated. Thus, a
reduction in power consumption can be achieved. [0027] For example, if
a block having a channel estimationlfesult indicating that a sub-carrier
exceeding the first threshold value is not included but the number (or the
ratio) of sub-carriers exceeding a second threshold value that is lower

prethamtthe firstthreshule vahe ipigeeater thant ogeghaktonthelpledétermared
value is present, it can be determined that the decoding process is

beeposdig by shifjetfid bhATFRosé LBneS5IBEES SRS dUsprésiing

pexBIOCESS tg.achiave %%@%roé’gm@e%i”og%g %%Z%hguﬁg%rcw%ﬁtt.herocess
wireless communication apparatus according to the present inverition

in R0 terninatesy folra black for Whishhe despyeadingiiesesshas bega
terminated by block selection, the operation of an RF analog processing

ugednit ahan Abx eeryertelof@ difitehprocessing emduit tpadtion Shols asaan
FFT or a channel correction circuit. Thus, the effects of low power

redgﬂﬁgﬁﬁbﬂghégﬁﬁyﬁhép%gumption can be achieved.

0027}

For example, if a block having a channel estimation
result indicating that a sub-carrier exceeding the first
threshold value is not included but the number (or the
ratio) of sub-carriers exceeding a second threshold value
that is lower than the first threshold value is greater than
or equal to the predetermined value is present, it can be
determined that the decoding process is possible by
subjecting only those some blocks to the despreading process
to achieve an improvement in SNR.

[0028]

Furthermore, the wireless communication apparatus
according to the pregent invention also terminates, for a
block for which the despreading process has been terminated
by block selection, the operation of an RF analog processing
unit or én AD converter oxr a digital processing circuit
portion such as an FFT or a channel correction circuilt.
Thus, the effects of low power consumption can further be

improved. For example, with regard to an OFDM symbol for



improved. For example, with regard to an OFDM symbol for - 15 which
the decoding process is not performed, the operation of the FFT or the
channel correction circuit can be terminated. Moreover, for a block portion
for which the decoding process or the despreading process is not
performed within an OFDM symbol, the channel correction circuit can be
terminated. [0029] For example, in a case where the despreading
process is terminated and the decodmg-process is performed on only one
block, for an OFDM symbol portion that is not decoded, the FFT and the
channel correction circuit can be terminated. Moreover, for a block that is

whinol decodedarithindhatx@EBM: symbohthpehénmelcchrrection aireuit tapn
be terminated. [0030] Furthermore, when, using the block selection

of gésribed aovdoryasmelofPRIRTBFhIEERS BT Whth!MRe same

cenfilaas peensoread are despreag and decoded e sconuglun 1.

2
8Spreading proEess over the fréguency

decdAN- Thys EET cansificigaty be Jfgtminafad;for aspread Signgk o¥ehrned

the time domain for which the despreading is not performed, and the
witihwnpewer Eonsemption effetts cambmémnprovedef@03dh Asisowirtincan be
Fig. 12, in a communication scheme in which
terminated.
f0029]

For example, in a case where the despreading process is
terminated and the decoding process is performed on only one
block, for an OFDM symbol portion that is not decoded, the
FFT and the channel correction circuit can be terminated.
Moreover, for a biock that is not decoded within that OFDM
symbol, the channel correction circuit can be terminated.
[0030]

Furthermore, when, using the block selection described
above, only some of a plurality of blocks over which the
same data has been spread are despread and decoded,.the
control unit preferentially performs the despreading process
over the fregquency domain. Thus, FFT can efficiently be
terminated for a spread signal over the time domain for
which the despreading is not performed, and the low-power-
consumption effects can be improved.

[0031]
As shown in Fig. 12, in a communication scheme in which

one OFDM symbol is composed of a plurality of blocks and in



one OFDM symbol is composed of a plurality of blocks and in - 16 which
spreading over the frequency domain has been performed by transmitting
the same data using all the blocks within the OFDM symbol while
spreading over the time domain has been performed by transmitting the
same data using two or more consecutive OFDM symbols, first, the
control unit discriminates whether or not each block within an FFT-output
OFDM symbol has a channel estimatforrresult indicating that the
decoding process is possible by performing despreading together with
some other blocks, that is, whether or not the decoding process is
whipbssipledndperdorming thédeSpreadanc protass onlyadthivetiat DFRDrmed
symbol. Then, if the decoding process is possible by performing the

by BESHIERAINGEIIECESS FAYRitAR e EBN Smbdi thedeieating™ ™
cne PSKISTS S ASIPRS O he biggks, iapdhe QDY pymbalanethgg dhe

decoding process in the ing untt is performed. This corresponds to
peef BiRGKSaleClONQParation i which; despreading evardhe #eayessy or
_ domain is turned on while despreading over the time domain is turned off.
mork suehsa coasky thedEmMrad wmitdémminatessaperatien obtherBlE T @nt the
channel correction circuit with regard to an OFDM symbol for which the

di sgadpreaaingTrobesdisthat perRFmeaCEnd tar foblainHighar FFT-output
oroffchower consumption effects (00321 Qn the other pad JO AL cha
the decoding process is possible by performing despreading
together with some other blocks, that is, whether or not the
decoding process is possible by performing the despreading
process only within that OFDM symbol. Then, if the decoding
process is possible by performing the despreading process
only within the OFDM symbol, the despreading process is
- performed on the blocks within the OFDM symbol and then the
decoding process in the decoding unit is performed. This
corfesponds to a block gelection operation in which
despreading over the frequency domain is turned on while
despreading over the time domain is turned off. In such a
case, the control unit terminates operation of the FFT and
the channel correction circuit with regard to an OFDM gymbol
for which the despreading process is not performed, and can
obtain higher low-power-consumption effects.
{0032]

On the other hand, in a case where blocks within cne

OFDM symbol are not sufficient to collect good channel



OFDM symbol are not sufficient to collect good channel 17 estimation
results and it is determined that the decoding process is not possible,
because of insufficient improvement in SNR, even if the despreading
process is performed, the control unit searches for a block having a
channel estimation result indicating that the decoding process is possible
by performing despreading together with some other blocks over two or
more OFDM symbols subjected to spreading over the time domain. Then,
some blocks satisfying such a channel estimation result are collected
between those OFDM symbols and the despreading process is

est priatmed te pojroveathe SNRi§héattherdevedingprocedsinithecding
decoding unitis performed. This corresponds to a block selection

pProppefatibh RAWhRATRSPICadiRG 698EMeTregtieief BbfifRts tmaPBRment
while desgread ﬁvergfhe time domain is turned qn. In th)lfs case, |t [

in i¥Ressr GRS B LB 5P HeBrextding fromthe Ehe
conf8spective OFDM . symhols: FThus, FET- cannathetesminatedWith regard

to a block for which the despreading process is not performed, however,
estiheepermatios flhe Thanrelcottectibacirchié cde bederminatestess is

Advantageous Effects [0033] According to the present invention, a
posgli@émrwrsg@mwrbh@@d@ﬁﬁ@é@é&ﬂm&m@h%pﬁi&bs%@iﬂ@ other

wireless communication method in which rec%%lon rocess of
blocks over Ctwe or more OFDM symbois s ted To spreading

over the time domain. Then, some blocks satisfying such a
channel estimation result are collected between those OFDM
symbols and the despreading process is performed to improve
the SNR. Then, the decoding process in the decoding unit is
performed. Thisrcorresponds to a block selection operation
in which despreading over the frequency domain is turned off
while despreading over the time domain is turned on. In
this case, it is necesgsary to extract a block to be used for
desgpreading from the respective OFDM symbolg. Thus, FFT
cannot be terminated. With regard to a block for which the
despreading process is not performed, however, the operation
of the channel correction circuif can be terminated.
Advantagecus Effects
[0033]

According to the present invention, a superior MB-OFDM-
based wireless communication apparatus and wireless
communiication method in which a reception process of

transmission data spread over the frequency domain and the



transmission data spread over the frequency domain and the - 18 time
domain can be efficiently performed can be provided. [0034] Furthermore,
according to the present invention, a superior MB-OFDM-based wireless
communication apparatus and wireless communication method in which
despreading of a spread signal or other reception processes can be
efficiently performed according to a communication environment can be
provided. [0035] A wireless commuhication apparatus according to the
present invention performs, as with a PLCP header portion of a Phy
frame in MB-OFDM communication or a payload portion of an MMC in
timdVigeiess HSEswheh re€éinigdathytofdzersentrand ceceived gravionddta
rate regardless of the communication environment by performing a
[0C3preading process over the frequency domain and the time domain, the

on/off %ﬁitchin% of a deg}pr adingéorogﬁss of %5@%?@%%9@%' or or'gher
sig%"éﬂf GEBSYES actor |ﬁ§:’t6l% communication envirdriment, Wche're%y,
sup@2 Hficient IereRfiLRIoseRs Wi Jedueed ROWEE LONSHMPYSRLLOLE ang
realized. [0036] Other objects, features, or advantages of the present
wirkveptorwithbedere sppatenitidn armetei deiaded pdessdption witha
reference to the following embodiment of
spread signal or other reception processes can be
efficiently performed according to a communication
environment can be provided.
[0035]

A wireless communicaticn apparatus according to the
present invention performs, as with a PLCP header portion of
a Phy frame in MB-OFDM communication or a payload portion of
an MMC in Wireless USB, when receiving data to be sent and
received at a low data rate regardless of the communication
environment by performing a spreading process over the
frequency domain and the time domain, the on/off switching
of a despreading process of a spread signal or other signal
processes according to a communication environment, whereby
an efficlent reception process with reduced power
consumption can be realized.

[0036]

Other objects, features, or advantages of the present

invention will become apparent from a more detailed

description with reference to the following embodiment of

the present invention or the accompanying drawings.



the present invention or the accompanying drawings. - 19 - Brief
Description of Drawings [0037] [Fig. 1] Fig. 1 is a diagram schematically
showing a hardware configuration of an MB-OFDM receiver according to
an embodiment of the present invention. [Fig. 2] Fig. 2 is a diagram
showing an internal structure of a despreading circuit 18. [Fig. 3] Fig. 3 is .
a diagram schematically showing an equivalent circuit for block selection
including a combination of an onfoffiswitching unit 17 and the
despreading circuit 18. [Fig. 4] Fig. 4 is a flowchart showing a reception
process procedure of a spread signal, which is performed in the receiver

Brishrowa i Fig di #rigo%] Figa%isigdlowchart showing a specific procedure

~ of a block selection process. [Fig. 6] Fig. 6 is a diagram showing an

[00@xdmple of channel estimation results of OFDM symbols Fl and F2 over

which data A is transmitted. [Fig. 7] Fig. 7 is a diagram showin

exafp¥e ofthe™ bferatiohfan ECoffrOITIR Ft%%ﬂr%’h@%ggeua?tﬁe
e S SR v Bl UER A5 sy o
an aRhE3NMEAt of the present invention.

[Fig. 21 Fig. 2 is a diagram showing an internal
structure of a despreading circuit 18.

[Fig. 3] Fig. 3 is a diagram schematically showing an
equivalent circuit for block selection including a
combination of an on/off switching unit 17 and the
despreading circuit 18.

[Fig. 4] Fig. 4 is a flowchart showing a reception
process procedure of a spread signal, which is performed in
the receiver ghown in Fig. 1.

[Fig. 5} Fig. 5 is a flowchart showing a specific
procedure of a block selection process.

[Fig. 6] Fig. 6 is a diagram showing an example of
channel estimation results of OFDM symbols Fl and F2 over
which data A ig transmitted.

[Fig. 7] Fig. 7 is a diagram showing an example of the
operation of an enable control circuilt 21 in the case of the
channel estimation results shown in Fig. 6.

[Fig. 8] Fig. 8 is a diagram showing an éxample of
channel estimation results of OFDM symbols F1 and F2 over

which data A is transmitted.



which data A is transmitted. - 20 [Fig. 9] Fig. 9 is a diagram showing an
example of the operation of the enable control circuit 21 in the case of
the channel estimation results shown in Fig. 8. [Fig. 10] Fig. 10 is a
diagram showing an example of channel estimation results of OFDM
symbols F1 and F2 over which data A is transmitted. [Fig. 11] Fig. 11 is a
diagram showing an example of the operation of the enable control circuit
21 in the case of the channel estimatfon-results shown in Fig. 10. [Fig. 12]
Fig. 12 is a diagram showing a manner in which data to be sent is placed
on a two-dimensional space determined by a frequency domain direction

and rittme gpnmaiy . diteciionusiig gspreadioy soheme. gl &igflE he

is a diagram showing a format of a packet (Phy frame). Explanation of
opeRefeiefce R ubite aRnfioBEs] 1QrHHteIn& MORE hrédeskihd-bifit, BBSADO L

converter, 14 FFT, 15 channel estimati n and SNR estimation unit, 16

the h%%%ﬁls&rrg&%ﬁ“&}:&ﬁp 188 Féqaﬁ §ERcditt 15* Aeinterleaver, 20
onfrpl circuit BestMode forGapying Outihe 1. o

Inventlon [Oggg] The present invention relates to a wireless
channel estimation results of OFDM symbols Fl1 and F2 over
which data A ig transmitted.

[Fig. 11] Fig. 11 is a diagram showing an example of
the operation of the enable control circuit 21 in the case
of the channel estimation results shown in Fig. 10.

[Fig. 12] Pig. 12 is a diagram showing a manner in
which data to be szent is placed on a two-dimensional space
determined by a frequency domain direction and a time domain
direction using a spreading scheme.

[Fig. 13] Fig. 13 is a diagram showing a format of a
packet (Phy frame).

Explanation of Reference Numerals
[0038]

11 antenna, 12 RF processing unit, 13 AD converter, 14
EFT, 15 channel estimation and SNR estimation'unit, 16
c¢hannel correction circuit, 18 despreading circuit, 19
deinterleaver, 20 decoder, 21 enable control circuit
Best Mode for Carrying Out the Invention
[0039]

The present invention relates to a wireless

communication apparatug that performs UWB communication that



communication apparatus that performs UWB communication that - 21
employs an OFDM modulation scheme, and specifically to an
MB-OFDM-based communication apparatus in which a band of 3.1 GHz
to 10.6 GHz, which was specified by the FCC, is divided into a plurality of
subbands each having a bandwidth of 528 MHz and in which frequency
hopping (FH) is performed between the subbands. An embodiment of the
present invention will be described kildetail hereinafter with reference to
the drawings. [0040] Fig. 1 schematically shows a hardware
configuration of an MB-OFDM receiver according to an embodiment of
empthey presentrvetiodull ig-assunsechthat, assldowpént Eity d2] Jaysighabn
received by this receiver has been subjected to a spreading process of
MB - R ER¥ MR REFAI SETBVER #E frd e RSP ABATENT and the iiffe dorRamC[otl1 -1
In an RF processing unit 12, an RF signal received an antenna 11 is
REEE g o :

GHZ ¢ [fedfdd o A Feqidhcy/ by Rt ies hyrded

é?ﬁ’g 5 mixer (ot shown
int8Nd iSHhen doyncapveriag intosan .anglog basehand signal, furhenans g

unwanted component other than a desired signal’is removed using a

MEzbardpass filterdiBPh)<{patshowmcist ihe restis amaplfieddnracmrisbtercen
gain amplifier (VGA) (not shown). Then, an AD converter 13 performs AD
thecsweipsiodon tHhbasbmnsigitalof the present invention will

be described in detail hereinafter with reference to the
drawings.
[0C40]

Fig. 1 schematically shows a hardware configuration of
an MB-OFDM recelvexy according to an embodiment of the
present invention. It is assumed that, as shown in Fig. 12,
a signal received by this receiver has been subjected to a
spreading process of transmission data over the frequency
domain and the time domain.

[0041] |

| In an RF processing unit 12, an RF signal received by
an antenna 11 is subjected to a frequency synthesis process
using a mixer (not shown) and is then down-converted into an
analog baseband signal. Further, an unwanted component
other than a desired signal is removed using a bandpass
filter (BPF) (not shown) and the rest is amplified by a
variable gain amplifier (VGA) {(not shown). Then, an AD
converter 13 performs AD conversion on the baseband signal

at a predetermined sampling rate. An FFT 14 applies a



at a predetermined sampling rate. An FFT 14 applies a - 22 Fourier

transform to the digital baseband signal after being subjected to AD

conversion to generate sub-carriers arranged in a frequency range.

[0042] A channel estimation and SNR estimation unit 15 multiplies a

preamble received signal after being subjected to FFT with a known

training sequence to perform channel estimation and SNR estimation. A

channel estimation and SNR estimationr-method itself is not directly

related to the gist of the present invention, and a detailed description

thereof is thus omitted. [0043] In a channel correction circuit 16, channel
Foutdreections padeasses suthasdiquatiadtidrapreicessing igiesk trddléng being

- _and residual frequency offset correction are performed. A channel

subggré@pnReiHoCIREIRE HbtairkPRISEa (6 thER)iStof e presertanged
in invggtion, ar?éj agletailgd description thereof is thus omitted. [0044] A

8espr%%’|%g irctit 1% subjects the received signal spread over the
rooffeguency domain and the time domain to despreading processes over

the frequency domain and the time domain. Fig. 2 schematically shows

anantehaalséructre Dhathedde sprehding cketit k8. tRrovidedithatla

description
multiplies a preamble received signal after being subjected
to FET with a known training seguence to perform channel
estimaticon and SNR estimation. A channel estimation and SNR
estimation method itself is not directly related to the gist
of the present invention, and a detailed description thereof
ig thus omitted.
[0043]

In a channel correction ¢ircuit 16, channel correction
processes such as equalization processing, phase tracking,
and residual frequency offget correction are performed. A
channel correction method itself is not directly related to
the gist of the present invention, and a detailed
description therecf is thus omitted.

[0C44]

A despreading circuit 18 subjects the received signal
spread over the frequency domain and the time domain to
despreading processes over the frequency domain and the time
domain. Fig. 2 schematically shows an interxnal structure of

the despreading circuit 18. Provided that a description

regarding the transmission data A shown in Fig. 12 is given,



regarding the transmission data A shown in Fig. 12 is given, - 23 the data
blocks Al and A2 are combined and the data blocks A3 and A4 are
combined, wherein the data blocks Al and A2 have been spread over the
frequency domain (or are transmitted within one symbol) and the data
blocks A3 and A4 have been spread over the frequency domain (or are
transmitted within one symbol) . And the despreading process over the
frequency domain is performed. SuBsequently, the data blocks (Al + A2)
and (A3 + A4) that have been spread over the time domain (or are
transmitted over two consecutive symbols) are combined. Thus, the

the daspreading:processaover Me time domaiiris pedorinetc{00452 Alocks
deinterleaver 19 performs a deinterleaving process regarding interleaving

A3 pafloffedBA tROTARERtterdigE (HBt SMGWRR CPhdhl ACddtatfer 26¢ A2

h de%mdulates the_phase aril_‘(‘jP arggl(i;[ug%r?f thedggg/idua{gubéczgrriers, and
VSls e(?e%oﬁ%get%% iRdividuaT Sub-carers from S|gnaf1poin%:s & the phase

trasRaca-tohe.priginal signal sequence. Fhe deoder2Q pasiesdthgs ang a4

obtained data to an upper layer (not shown). [00461 For example, it is
havepegiied Hist @Rl QRPdeades portianehayP hiciame ifd4B3eDM

communication or a payload portion of an MMC in Wireless USB be
trapgjésteddoficgueRcyadniaimspreadify shd-timedRTRaAXPIEAIiRg OCess

regardless of the
over the frequency domain is performed. Subsequently, the

data blocks {Al + A2) and (A3 + A4) that have been spread
over the time domain {or are transmitted over two
consecutive symbols) are combined. Thus, the despreading
process over the time domain is performed.

{0045]

A deinterleaver 19 performs a deinterleaving process
regarding interleaving performed on the transmitter side
{not shown). Then, a decoder 20 demodulates the phase and
amplitude of the individual sub-carriers, and also decodes
the individual sub-carriers from signal points on the phase
space to the original signal sequence. The decoder 20
passes the obtained data to an upper layer (not shown}.
[004¢]

For example, it 1s specified that a PLCP header portion
of a Phy frame in MB-OFDM communication or a payload portiocn
of an MMC in Wireless USB be subjected to frequency domain
spreading and time domain spreading regardless of the

communication environment. In a good communication



communication environment. In a good communication - 24 environment,

a receiver performs a reception and despreading process of a spread

signal although it is possible to perform a reception process with data at

one time, resulting in power consumption being increased more than

necessary (described above). [0047] In a receiver according to the

present embodiment, on the other hand, an enable control circuit 21 is

configured to receive, as enable-coffrotinformation, an estimation result

obtained in the channel estimation and SNR estimation unit 15 to select

turning on/off of despreading over the frequency domain and despreading
envbventhertime slomaie Tat iscwhenan estimaterSMR vahu eecgedsaiing

certain value, a block selection processing flow for turning off the
Progegsreatiy igrs%awéh,Saiwoﬁﬂotfmfvﬁﬁgmrigts@ﬁaﬂ@sc?dﬂaaﬁo%
gg/é)raf sa.iwitcgﬂré%gnit 17, Bx éerminatjr%%aga%nnecessa%/v%:as readin

process, power consumption can be redueed [664@]n e 5ig. 2 %\%v%lng

in PBWernalstyciire ohthe despreading citeitd 41913 schematically,
shows an equivalent circuit for block selection including a combination of
{detherameff suistehing.unit 17 and the despreading circuit 18. A description

regarding the
[0047]

per

In a receiver according to the present embodiment, on
the other hand, an enable control circuit 21 is configured
to receive, as ensble-control information, an estimation
result obtained in the channel estimation and SNR estimation
unit 15 to select turning on/off of despreading over the
frequency domain and despreading over the time domain. That
is, when an estimated SNR wvalue exceeds a certain value, a
block selection processing flow for turning off the
degpreading is started, and an on/off switching signal is
output to an on/off switching unit 17. By terminating an
unnecessary despreading process, power consumption can be
reduced. |
[0048]

While Fig. 2 shows an internal structure of the
despreading circuit 18, Fig. 3 schematically shows an
equivalent circuit for block selection including a
combination of the on/off switching unit 17 and the
despreading circuit 18. A description regarding the

transmission data A shown in Fig. 12 will be given



transmission data A shown in Fig. 12 will be given - 25 - hereinafter.
[0049] When a first selection unit turns off the despreading over the
frequency domain, only a selected one of the first half and second half
received data blocks is output from each OFDM symbol. [0050] Further,
when a second selection unit turns off the despreading over the time
domain, only the selected data block of the OFDM symbol (or the data
block despread over the frequeney @dmain within the OFDM symbol) is
output. [0051] According to this configuration, the operation of turning
on/off the despreading process over the frequency domain and the
hereperatien©f turning on/off the despreading process over the time domain
can be independently controlled. [0052] The enable control circuit 21
L0Ofuvther has an enable signal for starting and terminating the circuit .

operation of each of the RF processing unit 12, thefAD converter 13, the
PPISER dhofthEthaR RGOSR O Erfeuit T han L in ACCSNBRES T

ovelPedpack §%§8@%9r%&§§ﬂ‘?§0@%§‘} aQoye,; for a.gata, Plockefof yhigh o
the despreading process has been términated, the operation of a digital

halBrogRssiBeEelithalf received data blocks is output from

each OFDM symbol.

(00501

Further, when a second selection unit turns off the
despreading over the time domain, only the selected data
block of the OFDM symbol (or the data block despread over
the frequency domain within the OFDM symbol) is output.
[0051]

According to this configuration, the operation of
turning on/off the despreading process over the frequency
domain and the operation of turning on/off the despreading
process over the time domain can be independently controlled.
[0052]

The enable control circuit 21 further has an enablie
signal for starting and terminating the circuit operation of
each of the RF processing unit 12, the.AD converter 13, the
FET 14, and the channel correction circuit 16. Then, in
accordance with the block selection process described above,
for a data block for which the despreading process has been
terminated, the operation of a digital processing circuit

portion such as the RF processing unit 12, the AD converter



portion such as the RF processing unit 12, the AD converter - 26 13, the
FFT 14, or the channel correction circuit 16 is also terminated. Thus, the
effects of low power consumption can be further improved. [0053] Fig. 4
shows, in the form of a flowchart, a procedure of performing a reception
process of a spread signal, which is performed in the receiver shown in
Fig. 1. [0054] The channel estimation and SNR estimation unit 15
performs channel estimation and-SNR estimation on an OFDM symbol
divided into sub-carriers of a frequency range using FFT (step Si). The
enable control circuit 21 checks the necessity of the despreading process
13, onlike basisiof the SNReestimraiioniresolt fsiep 52). PO56]11ftthesSNR ialso
lower than a predetermined value (No in step S2), in order to achieve an
teripipravementThtve SNIE it ifacterminfedlifat PrRWRESpFeAHHTPFOcEssI3n
necessary for all blocks that have been two-dimensionally spread over
e fHer HeghenBP UGN and the time domain, and the despreading circuit
{oo%%js turned on (step S6). [0056] When the SNR exceeds the
predetermined value (Yes in step S2), on the other hand, it can be
detergined iadthe in the form of a flowchart, a procedure

of performing a reception process of a spread signal, which
is performed in the receiver shown in Fig. 1.
[00541]

The channel estimation and SNR estimation unit 15
performs channel estimation and SNR estimation on an OFDM
gsymbol divided into sub-carriers of a frequency range using
FFT (step S1). The enable control circuit 21 checks the
necegsity of the despreading process on the basis of the SNR
egstimation result (step S2).

[0055]

If the SNR is lower than a predetermined value (No in
step 82), in order to achieve an improvement in the SNR, it
is determined that the despreading process is necessary for
all blocks that have been two-dimensionally spread over the
frequency domain and the time domain, and the despreading
circuit 18 is turned on (step S6}.

[0056]

When the SNR exceeds the predetermined value (Yes in

step S2), on the other hand, it can be determined that the

despreading process is not necessary for all the blocks. In



despreading process is not necessary for all the blocks. In - 27 this case,
a block selection flow for further selecting a block for which the decoding
process or the spreading process is performed on the basis of a channel
estimation result of each of the blocks is started (step S3). [0057] In this
block selection process, first, it is discriminated whether or not a block
with high channel quality for which the decoding process is possible
without despreading is present amahiy a plurality of blocks over which
the same data has been spread. Then, if a block with high channel quality
is present, the despreading circuit 18 is turned off and only one block
thibaviagdjghcharnnst qualitycisisubjédted td the decudieg peacesstintie 2
decoding unit (step S4). [0058] Further, if a block with high channel
bloglalftg¥oraich ﬂ#é%&%%lﬁ@@@@ﬁ@ﬁ%%ﬁw%@ﬁ%@%%amg is

not present, it is subsequently discriminated whether or not a
R ST ool Ay i e D

resﬁff@ea%m@a%@l nymbey, of Blacks smallex. than the @@Lergyraew of spread

blocks is present. In a case where it is possible to sufficiently improve the
[008SNR by despreading only some of the blocks, the despreading process

over the frequency domain or time domain can be partiall

In this block selection process, first, it is
discriminated whether or not a block with high channel
quality for which the decoding process is possible without
despreading is present among a plurality of blocks over
which the same data has been spread. Then, if a block with
high channel quality is present, the despreading circuit 18
is turned off and only one block having high channel quality
ig subjected to the decoding process in the decoding unit
(step S4).

[0058]

Further, if a block with high channel quality for which
the decoding process is possible without despreading is not
present, it is subsequently discriminated whether or not a
set of blocksg for which the decoding process is possible by
despreading only a predetermined number of blocks smaller
than the total number of gpread blocks is present. In a
cage where it is possible to sufficiently improve the SNR by
degpreading only some of the blocks, the despreading process
over the frequency domain or time domain can be partially

turned off {gstep S85).



turned off (step S5). - 28 - [0059] Moreover, in a case where, although the
SNR exceeds the predetermined value, it is determined, with
consideration of the channel estimation result, that the despreading
process is necessary for all the blocks that have been two dimensionally
spread over the frequency domain and the time domain, the despreading
circuit 18 is turned on (step S6). [0060] As shown in Fig. 12, in a case
where the same data is sent a pluralily of times using a plurality of blocks
on a two-dimensional space determined by the frequency domain and
the time domain, due to different bands being used, individual blocks
[oosaffer from different phasing effects. In the block selection process in step
S3, therefore, if at least one block that has high channel quality and that

coMfpreelerequires o RSEPrédthiii§ procesa i phesert tAlERbGERFRAY the

nly be selected. Further, in a case where the, channel quality is not so
oo e Bre I toghherwite SoRer Block Wodld SUtdesty o7 oF

thelMMQNRIhe SNRhe ; despreading pregess may bepsrfarmedisinggals s
those some blocks. [0061] Then, in a time zone in which a block for

is whighdherdesureadiny proeessl baskbeenserntinateddsyeblockiselection
dimengionally spread over the frequency domain and the time
domain, the despreading circuit 18 is turned on (step 86).
{60801

As shown in Fig. 12, in a case where the same data is
sent a plurality of‘times using a plurality of blocks on a
two-dimensicnal space determined by the frequency domain and
the time domain, due to different bands being usged,
individual blocks suffer from different phasing effects. In
the block selection process in step 83, therefore, if at
least one block that has hich channel guality and that
completely requires no despreading process is present, this
block may conly be selected. Furthexr, in a case where the
channel guality is not so high but despreading together with
another block would sufficiently improve the SNR, the
despreading process may be performed using only those some
blocks.
[co61]

Then, in a time zone in which a block for which the
degpreading process has been terminated by block selection

ig received, the receiver also terminates the operation of



IS received, the receiver also terminates the operation of - 29 the RF

analog processing unit 12 or the AD converter 13 or a digital processing

circuit portion such as the FFT 14 or the channel correction circuit 16.

Thus, the effects of lower power consumption can further be improved.

For example, with regard to an OFDM symbol for which the decoding

process is not performed, the operation of the FFT 14 or the channel

correction circuit 16 can be terminated. Moreover, with regard to a block

portion for which the decoding process or the despreading process is not

performed within an OFDM symbol, the channel correction circuit 16 can
thebereamnateg. JO062<aiaddition wheh the ddspréadingprecessis 13 or a

terminated for some of a plurality of blocks over which the same data has
digpsan spreee el Bessieatintproesss vertiebrettichef domaihds T the

referentially performed. Thus, FFT can be efficiently terminated wi

e £ R B AT SV e el A ir T W S Bhcing 1™
powB®! Resfrmed. agd thelopspawer-consumplion effectssan hedmprexed.

[0063] In thé case of the spreading scheme as shown in Fig. 12, if two
withlogks;inean ©F-BM Syrmbol sigae gpodchanhelbestirhatiaie ceslliscandthee s s

decoding process is possible by subjecting only those blocks to the

is sespreadifgprecessiednqRevathcoSNK, & BcRERIddioflopehatichmnnel

which ‘despre_ading_;L over , .
correction circult 16 can be terminated. Moreover, with

regard to a block portion for which the decoding process or
the despreading process is not performed within an OFDM
symbol, the channel correction circuit 16 can be terminated.
[0062]

In addition, when the despreading process is terminated
for some of a plurality of blocks over which the same data
has been spread, the despreading process cver the freguency
domain is preferentially performed. Thus, FFT can be
efficiently terminated with regard to a spread signal over
the time domain for which despreading is not performed, and
the low-power-consumption effects can be improved.

[0063]

In the case of the spreading scheme as shown in Fig. 12,
if two blockg in an OFDM symbol have good channel estimation
results and the decoding process is possible by subjecting
only those blocks to the despreading process to improve the
SNR, a block selection operation in which despreading over

the frequency domain is turned on while despreading over the



the frequency domain is turned on while despreading over the - 30 time
domain is turned off is performed. In such a case, the operation of the
FFT and the channel correction circuit can be terminated in a time zone in
which an OFDM symbol for which the despreading process is not
performed is received, and higher low-power-consumption effects can be
obtained. [0064] On the other hand, in a case where at least one of
blocks in an OFDM symbol has a-bai’chrannel estimation result and
sufficient improvement in the SNR is not expected even if only the blocks
in that OFDM symbol are subjected to the despreading process, a block
t imBaviegaichahvet estiraatiart fesuylt ndicatingdhat tiendecading process ishe
possible by performing despreading together with some other blocks is
opesadréhad & Up1® & BlibsewldritE Fhampai OFDM aghbel Th&S Somean
blocks satisfying this channel estimation result are sugﬁa{cted t%)é € for

be &&ﬁé&ﬁiﬁﬁ%r&@esas bethieehTREse OFBMICS RbBolRand &EY
whiSdpPiegied do fhe decading pracess. This sarresponds, igablogk selection

operation in which despreading over the frequency domain is turned off
andwhileyilespieagding puer-herdiueciomsain istterad:onaln this ecaseadbisd.
necessary to extract a block to be used for despreading from the
[0 Oespective OFDM symbols. Thus, FFT cannot be terminated. However, in

a time zone in which a block for which the despreadinggrocess iS not
peﬂBnﬁ&fE@ther hand, in a case where at ast one of

blocks in an OFDM symbol has a bad channel estimation result
and sufficient improvement in the SNR is not expected even
if only the blocks in that OFDM symbol are subjected to the
despreading process, a block having a channel estimation
result indicating that the decoding process is possible by
performing despreading together with some other blocks is
searched for up to a subsequent FFT-output OFDM symbol.
Then, some blocks satisfying this channel estimation result
are subjected to the despreading process between those OFDM
symbols and are then subjected to the decoding process.

This corresponds to a block gelection operation in which
despreading over the frequency domain is turned off while
despreading over the time domain is turned on. In this case,
it is necegsary to extract a block to be used for
despreading from the respective OFDM symbols. Thus, FFT
cannot be terminated. However, in a time zone in which a
block for which the despreading process 1s not performed is

received within each OFDM symbol, the operation of the



received within each OFDM symbol, the operation of the - 31 channel
correction circuit can be terminated. [0065] Fig. 5 shows, in the form of a
flowchart, a specific procedure of a block selection process, which is
started when the SNR of a received signal is lower than a predetermined
value. [0066] When the block selection process starts, first, it is
discriminated whether or not a block having a channel estimation result
indicating that the decoding process s possible without despreading is
present among blocks included in an FFT-output OFDM symbol (step
S11). [0067] For example, for each block in an FFT-output OFDM
chasybok dased oiomhethecat notachaenelastimationdesult indicates
that the ratio of sub-carriers exceeding a first threshold value Pl is greater
[00&%an or equal to a predetermined value M, it can be determined whether

or not the decodlng process is 055|bl Wlth t despreading. [0068]
THehdif a2 bIgBR KEving™ 5%‘ ﬁﬁﬁh@ estim Eglon ?{e)suﬁ is %reés%n?%nfﬁc

proEEdQUPUEOEDM sumbolgces instep albshe despraadingraeessis

terminated and only this block is subjected to the decoding process (step
wheDlZhe SNR of a received signal is lower than a

predetermined value.
[0066]

When the block selection process starts, first, it is
discriminated whether or not a block having a channel
estimation result indicating that the decoding process is
possible without despreading is present among blocks
included in an FFT-output OFDM symbol (step 811).

[0067]

For example, for each block in an FFT-output CFDM
symbol, based on whether or not a channel estimation result
indicates that the ratio of sub-carriers exceeding a first
threshold wvalue Pl is greater than or equal to a
predetermined value M, it can be determined whether or not
the deccding process is possible without despreading.

[co68]

Then, if a block having a good channel estimation
result is present in the FFT-output OFDM symbol (Yes in step
S11), the despreading process is terminated and only this
block is subjected to the decoding process (step S12).

Performing a decoding process on only one block means that



Performing a decoding process on only one block means that - 32 the
despreading processes over both the frequency domain and time domain
are terminated. [0069] For example, in a case where OFDM symbols Fl
and F2 over which data A is transmitted have channel estimation results
as shown in Fig. 6, in a block Al, a channel estimation result indicates that
the ratio of sub-carriers exceeding the first threshold value Pi is greater
than or equal to the predetermined ¥alue M and it can thus be found that
the decoding process is possible without despreading. Fig. 7 shows an
example of the operation of the enable control circuit 21 in this case. Only
t hethi=bloek A im gupjestedstosa receptiohqrbcessawifites itjissnotynebessary and
to receive other blocks A2 to A4. Thus, the enable control circuit 21 is
timgnyregiied s ehsbie ¥hé FEF-14 only in a time zone in which the one
[OOOF M symbol F1 is received and also to enable the channel correction
gifcuit 16 only in a time zone in which the block Al in this FFT output is

reeived,.JOQ7q]. If a;blogk forauhich the deeeging Progess igposgsiblero

without despreading is not present in the FFT-output OFDM symbol (No
ovelh SiRp&illjasidbseqientydiisndiseredinatecd: wiiethercr not aichaniteh

estimation result indicating that
results ag shown in Fig. 6, in a block Al, a channel
egtimation result indicates that the ratio of sub-carriers
exceeding the first threshold value Pl is greater than or
equal to the predetermined value M and it can thus be found
that the decoding process is possgible without despreading.
Fig. 7 shows an example of the operation of the enable
control circuit 21 in this case. Only the block Al 1is
subjected to a reception process while 1t is not necessary
to receive other blocks A2 to A4. Thus, the enable control
circuit 21 is only reguired to enable the FFT 14 only in a
tiﬁe zone in which the one OFDM symbol Fl is received and
also to enable the channel correction circuit 16 only in a
time zone in which the block 21 in this FFT output is
received.
[oc70]

If a block for which the decoding process is possible

without despreading is not present in the FFT-output OFDM
gymbol (No in step S11), subsequently, it is discriminated

whether or not a channel estimation result indicating that

the deccding process is possible by despreading each of the



the decoding process is possible by despreading each of the - 33 blocks
in the OFDM symbol has been obtained (step S13). [0071] For example,
in a case where a plurality of blocks each for which the ratio of
sub-carriers exceeding a second threshold value P2 that is lower than the
first threshold value P1 is greater than or equal to the predetermined
value M are present in the FFT-output OFDM symbol, it can be
determined that the decoding process is possible if only the blocks within
that OFDM symbol is subjected to the despreading process to achieve an
improvement in SNR. [0072] Then, if the decoding process is possible by
blooRly perforraingithe degphesding: privess withii: andFOMtsypnisol3 the
blocks within that OFDM symbol are subjected to the despreading
L09%idcess and then to the decoding process (step S14). This corresponds

to a block selection operation in which despreading over the frequency
do?r%ﬁn & ﬁ?}ﬁg& bnlvgvhlare %%gae%%?ﬁgeo%erpt lenfiarlrglle:L gm%?n |£§ u#}ekesd gﬁ?Ch

foriNgstieh asase yithyegardtg.an OROM.symbol feravhigh the e cong

despreading process is not performed, the operation of the FFT and the
threhairiel cosrectoP eiretibcan be temninatéda-{00H3] Eonexanplesweld

case where OFDM symbols F1 and F2 over which data A is transmitted
valpgv@thasndeatkfstiophan or equal to the predetermined value
M are present in the FFT-output OFDM symbol, it can be
determined that the decoding process is possible if only the
blocks within that OFDM symbol is subjected to the
despreading process to achieve an improvement in SKNR.
[0072]

Then, if the decoding process is possible by only
performing the despreading process within an OFDM symbol,
the blocks within that OFDM symbol are subjected to the
despreading process and then to the decoding process (step
814). This corresponds to a block selection operation in
which despreading over the frequency domain is turned on
- while despreading over the time domain is turned off. 1In
such a case, with regard to an OFDM symbol for which the
despreading process is not performed, the operation of the
FFT and the channel correction circuit can be terminated.
[0073]

For example, in a case where OFDM symbols Fl and F2

over which data A is transmitted have channel estimation

results as shown in Fig. 8, a block Al or A2 cannot be



results as shown in Fig. 8, a block Al or A2 cannot be - 34 decoded
without being despread. However, the channel estimation results of those
blocks indicate that the ratio of sub-carriers exceeding the second
threshold value P2 is greater than or equal to the predetermined value M,
and it can thus be found that the decoding process is possible by only
performing the despreading process within the OFDM symbol Fl. Fig. 9
shows an example of the operation efithe enable control circuit 21 in this
case. Only the one OFDM symbols F1 is subjected to a reception process
while it is not necessary to receive the OFDM symbol F2. Thus, the
decetaldlevcontiolcirtut 2t istenp regudred ivesalkie the k& TcAdransithe
channel correction circuit 16 only in a time zone in which the one OFDM
estiPmbePY it esteived g0 HACRarthé Lk & ched fiwre dfeHst Bhe dJfafkd o

blocks in_the FET-output OFDM symbol h d | tign,
of B A e R Bvheh T EIR 1 NoF BLeRied Sudn i dnij°

greg\,eel?clogfﬁm tgﬁt ch{;\Q‘JM W@%éfep%é%té%%@& C{?éf{l%aqlﬂg and it

process (No in step’S13), it is checked whether or not a block having a
canchannel estimatian residt indieating-ibat the deeosingprocess isspbSsibley

by performing despreading together with some other blocks is present up
onlip peubsaticmly RET-Gaper SRBMSyRisst ¢stepwsS TEYL S pekiicafpln a
sym%%blseEqu_J?ntE(‘)ig[?MQSysn]?l%%\!sov.g{le}ic?mple of the operation of the
enable control circuit 21 in this case. Only the one OFDM
symbols Fl is subjected to a reception process while it is
not necessary to receive the OFDM symbol F2. Thus, the
enable control circuit 21 is only required to enable the FFT
14 and the channel correction circuit 16 only in a time zone
in which the one OFDM symbol Fl1 is received.
[0074]

Further, in a case where at least one of the blocks in

Ithe FFT-output CFDM symbol has a bad channel estimation
result and sufficient improvement in the SNR is not expected
even if only the blocks in that OFDM symbol are subjected to
the despreading process (No in step S813), it is checked
whether or not a block having a channel estimation resulit
indicating that therd@coding process is possible by
performing despreading together with some other blocks is
presgent up to a subsequently FFT-output OFDM symbol (step

815). Specifically, in a subsequent OFDM symbol over which

the same data has been spread, the presence of a block for



the same data has been spread, the presence of a block for - 35 which
the ratio of sub-carriers exceeding the second threshold value P2 is
greater than or equal to the predetermined value M is confirmed. [0075]
Then, in a case where a block satisfying the channel estimation result is
successfully found in the different OFDM symbol (Yes in step S15), only
those blocks are subjected to the despreading process and then to the
decoding process (step S16). This césresponds to a block selection
operation in which despreading over the frequency domain is turned off
while despreading over the time domain is turned on. In this case, it is
whinecaessarytocdallest Motksctorhel used tor clespiaaginghisomethend
respective OFDM symbols. Thus, FFT cannot be terminated. with regard
thrgshpldck ok wihieR tHe dagisrehging Hide $51is Ftperfofn&de however,

the %E){eratio%oft e channel correction (%giguit can be terminated. [0076]
PrepstErinptin/d caSe White m*Afols F1 and F2 over which data

[ooA 4 transmitted have channel estimation results as shown in Fig. 10, the
OFDM symbols Fl and F2 cannot be decoded even if only the blocks
withifethe synbolsaare despreads Haweverstieichannebestimatiomnraseilts
of blocks Al and A3 included in the respective symbols indicate

egtimation regult is succesgsfully found in the different

OFDM symbol (Yes in step S15), only those blocks are

subjected to the despreading process and then to the

decoding process (step 816). This corresponds to a block
selection operation in which despreading over the frequency
domain is turned off while despreading over the time domain
is turned on. In this case, it is necessary to ceollect
blocks to ke used for despfeading from the respective OFDM

symbols. Thus, FFT canncot be texminated. With regard to a

block for which the despreading process 1is not performed,

however, the operation of the channel correction circuit can
be terminated.

[0076]

For example, in a case where OFDM symbols Fl1 and F2
over which data A is transmitted have channel estimation
regults as shown in Fig. 10, the OFDM symbols F1l and F2
cannot be decoded even if only the blocks within ﬁhe symbols
are despread. However, the channel estimation results of

blocks Al and 23 included in the respective symbols indicate

that the ratio of sub-carriers exceeding the second



that the ratio of sub-carriers exceeding the second - 36 threshold value
P2 is greater than or equal to the predetermined value M, and it can thus
be found that the decoding process is possible by despreading those
blocks over the OFDM symbols. Fig. 11 shows an example of the
operation of the enable control circuit 21 in this case. Since itis
necessary to perform a reception process on both the OFDM symbols Fl
and F2, the enable control circuit-213 €ontinuously enables the EFT 14.
Within the respective symbols, however, it is only required to enable the
channel correction circuit 16 only in a time zone in which the blocks Al
thrapttdXareartgeived. 0873} dzurther tihahe blookeseldction fldve, in a case
where a block having a channel estimation result indicating that the ratio

pregeseianids BReaddiMg 1 Seddnd e SHOIE vRItIet PY1IS gFd&Er tHm

decgae%ual tg: th(—:-e rsedeterrgige(jj_l\a/glu M Ccignnortebfdgxtract% % gvithgi%gléosck
OF betiveen blocks (Il\?oﬁ] sf’ep 15 ,¥t iS dse?ermlneél%a e%esprea Ing

ovePracgss irmecessdy far all fhe blocks thakhave-besntyor dimensigaally
spread over the frequency domain and the time domain. The despreading
opeeistuiti8 tsfnatlierminated: andnthesénahle controldircint 2hdentmuoeasly
enables the FFT 14 and the channel correction circuit 16 for all the time
Singged 1%y necessary to perform a reception process on both
the OFDM symbols F1 and ¥2, the enable control circuit 21
continuously enables the FFT 14. Within the respective
symbols, however, it is only required to enable the éhannel
correction circuit 16 only in a time zcne in which the
blocks Al and A3 are received.
[6077]

Further, in the block selection flow, in a case where a
block having a channel egtimation result indicating that the
ratio of sub-carriers exceeding the second threshold wvalue
P2 is greater than or egual to the predetermined value M
cannot be extracted within a block or between blocks {(No in
step 815}, it is determined that the despreading process is
necessary for all the blocks that have been two-
dimensionally spread over the frequency domain and the time
domain. The despreading circuit 18 is not terminated, and
the enable control circuit 21 continuously enables the FrT
14 and the channel correction circuit 16 for all the time

(step S17).

[0078]



[0078] 37 Accordingly, in a case where the SNR of a received signal is
greater than or equal to a predetermined value, a block to be received is
selected based on a channel estimation value. An unselected block is not
received, whereby a receiving circuit can be terminated in a time zone of
that block. Moreover, this termination allows the circuits before
despreading to be terminated. As described above, the enable control
circuit 21 may only be required to términate a digital circuit such as the
FFT 14 or the channel correction circuit 16. If an analog circuit such as
the RF processing circuit 12 or the AD converter 13 is also terminated, a
fuBhernediitiony in power cassurmpiiorecarise Sdthioved |nhustdaled

. Applicability [0079] The present invention has been described in detail
sigith PefefErRatea SPEANCEMBRTettthrddt MGREVE TS otfidts: 2

b1oé&att%o%Jéik?%tiec’@gi%ao{te{%ﬁ%ﬁ%@k@% .%aad;e@ t%s gmppdinent by
illed’in t

persons s the art without departing from the gist of the present
est inyention. [P9BQL In this description.can embedimentin which-thepresent

invention is applied to an MB-OFDM communication scheme for
whe peferminge@EDVL idgWBicominunicatiohshasshaeinarimdrilyn a time zone
of that block. Moreover, this termination allows the
cizcuits before despreading to be terminated. As described
above, the enable control circuilt 21 may only be required to
terminate a digital circuit such as the FFT 14 or the
channel correction circuit 16. If an analog circuit such as
the RF processing circuit 12 or the AD converter 13 is also
terminated, a further reduction in powexr consumption can be
achieved.
Industrial Applicability
[0079]

The present invention has been described in detail with
reference to a specific embodiment thereof. However; it is
obvious that modifications or alierations can be made to the
embodiment by persons skilled in the art without departing
from the gist of the present invention.

[0080]

In +hig description, an embodiment in which the present
invention is applied to an MB-OFDM communication scheme for
performing OFDM UWB communication has been primarily

described. However, the gist of the present invention is



described. However, the gist of the present invention is 38 not to be
limited thereto. Even in a communication system that performs a
spreading process over either the frequency domain or the time domain
or a communication system that performs a data spreading process over
any other domain, with the application of the present invention, a receiver
would adaptively terminate a despreading process or the operation of a
receiving circuit on the basis of an SNRor channel estimation result to
achieve a reduction in power consumption according to a communication
environment. [0081] In summary, the present invention has been

not diseldsedlinmthieddrmiot ilkistrativBvexamiples, arminisutot te becvormstriegin
as limiting the contents of this description. In order to determine the gist

thabf R preseAt mvERFGTE 4hE IS HESH &WCIQ&HQ%HOGIB%J?&‘R@H%SY
account -§9 CLAIMdS 1. AereIess communlca on ap arauY:I Epﬂ\f”ﬁgat

do malq =3 communlca W%
orms a receptlon pt‘OCGSS (0] a transmission S|gna N tato be

perSeRthwag spraad into-a plrality thieeks Quec A HRgUBRRLUOMaHLAMA

time domain, characterized by comprising: a reception processing unit
witihatiperfopps sorecéption fprobesoba spreatisignddion, a receiver
would adaptively terminate a despreading process or the
operation of a receiving circuit on the basis of an SNR or
channel estimation result to achieve a reduction in power
consumption according to a communication environment.
[0081]

In summary, the present invention has been disclosed in

the form of illustrative examples, and is not to be
construed as limiting the contents of this description. 1In

oxrder to determine the gist of the present invention, the

description of the claims should be taken into account.



a channel estimation and SNR estimation unit that performs channel
estimation and SNR estimation of a received signal; a despreading unit
that performs despreading of the received signal; a decoding unit that
performs a decoding process of the received signal which has passed
through the despreading unit; and a control unit that controls operation of
the despreading unit and the reception processing unit on the basis of
channel estimation and SNR estimali®n results. 2. The wireless
communication apparatus according to Claim 1, characterized in that the
control unit determines, based on the SNR estimation result, whether or
not a despreading process of theCtgeEiAd signal by using the
despreading unit is necessary, and when it is determined that the -

1 dedbr¥adingHFScEINEVDCABL ABCAIYARY foF il JHERE bivekE BT Rtrol
unit .selects a block fotr Whl%h the decod.ln% pracess.or the esl%%afga{

recspotcleggl 13 Ece)ﬁ%rsrﬁeé) onthe basit's Sasc%ﬁannsef'%%%majflroln‘%% eg_'c ko
pe 9Ethe hlgeks: 3-Jhg wirgless corpmunication appaiafue Ac6euling, to

Claim 1, characterized in that the control unit discriminates whether or
fregokabdlockdaving achannehestidmatoirresubandicatng. thad they

decoding process is possible without
comprising:

a reception processing unit that performs a reception
process of a spread signal;

a channel egtimation and SNR estimation unit that
performg channel estimation and SNR estimation of a received
gsignal;

a despreading unit that performs despreading of the
received signal;

a decocding unit that performs a decoding process of the
received gignal which has passed through the despreading
unit; and

a control unit that controls operation of the
despreading unit and the reception processing unit on the
basis of channel estimation and SNR estimation results.

2. The wireless communication apparatus according to Claim
1, characterized in that the control unit determines, based
on the SNR estimation result, whether or not a despreading
process of the received signal by using the despreading unit

is necessgary, and

when it i1s determined that the despreading process is



despreading is present among a plurality of blocks over which the same
data has been spread, and, when the block is present, the control unit
terminates the despreading process in the despreading unit and then
causes only the block to be subjected to the decoding process in the
decoding unit. 4. The wireless communication apparatus according to
Claim 3, characterized in that the transmission signal has been
OFDM-modulated, and the control uhit determines, for each of the blocks
after being OFDM-demodulated, based on whether or not a channel
estimation result indicates the number (or the ratio) of sub-carriers
notexceedingafirddhresholdfalukds lgreates thather equedted unit
predetermined value, whether or not the decoding process is possible
se lwrfcuttd dapreddifg s TR Wirb e s Sonndilnigate? apFsrafis &&¢ording

to Claim 3, characterized in that when a block having a chann

|
de SRRSO ARLR IR Eathy Bt 17 HECo MRy RS-Reie © 47 pasianne]
o= tWithqut despreading jsenetprgsenrt, the. coptpliunit discriminates whether

or not a block having a channel estimation result indicating that the

3decodinguwiroeess:is posaibieipedornipgsliespreadingtogeiher with Claim
some other blocks is present, and, when the block is present, the control

1, yhiecassesnheskcbdingprocessinctderbdingl binfl 16 bE Pekonred
whe?:fltleé rS uc? J:ecrglg % l%thoec?qo mgxtr) :!,?%(Sa toctha?n%ee free%(?:l g%g ir:%ct:jeg Sre sult
indicating that the decoding process is possible without
despreading is present among a plurality of blocks over
which the same data haé been spread, and, when the block is
present, the control unit terminates the despreading process
in the despreading unit and then causes only the block to be
subjected to the decoding procegs in the decoding unit.

4. The wireless communication apparatus according to Claim
3, characterized in that the transmission signal has been
OFDM-modulated, and

the control unit determines, for each of the biocks
after being OFDM-demodulated, based on whether or not a
channel estimation result indicates the number (or the
ratio) of sub-carriers exceeding a first thresheld value is
greater than or equal to a predetermined value, whether or
not the decoding process is possible without despreading.

5. The wirelesg communication apparatus according to Claim

3, characterized in that when a block having a channel

egtimation result indicating that the decoding process is



6. The wireless communication apparatus according to Claim 5,
characterized in that the transmission signal has been OFDM-modulated,
and the control unit extracts some blocks for which the number (or the
ratio) of sub-carriers exceeding a second threshold value that is lower
than the first threshold value is greater than or equal to the predetermined
value from among the plurality of blocks in which the same data has
been spread, and causes the decoddig process in the decoding unit to be
performed after subjecting only the some blocks to the despreading
process. 7. The wireless communication apparatus according to Claim 6,
pos eharbetarizeddn thaldbe tdesaitonbe senthas beerspreadtheerdbatrol
frequency domain and the time domain, and in a case where only some of
unithedglgraibpanbloeRrs voveEgiictPthersdmea daiChés Baarn spreadcdrennel
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unit to bé performed after subjecting only the some blocks

to the despreading process.

6. The wirelesgs communication apparatus according to Claim
5, characterized in that the transmission signal has been
CFDM~modulated, and

the control unit extracts some blocks for which the
number (or the ratic) of sub-carriers exceeding a second
threshold wvalue that is lower than the first threshold value
is greater than or equal to the predetermined value from
among the plﬁrality of blocks in which the same data has
been spread, and causes the decoding process in the decoding
unit to be performed after subjecting only the some blocks
to the desgpreading process.

7. The wireless communication apparatus according to Claim
6, characterized in that the data to be gent has been spread
over the frequency domain and the time domain, and

in a case where only some of the plurality of blocks
over which the same data has been spread are desgpread, the

control unit preferentially performs the despreading process



the control unit discriminates whether or not each block within an OFDM
symbol has a channel estimation result indicating that the decoding
process is possible by performing despreading together with another
block within the same symbol, and when a plurality of blocks each having
the channel estimation result are present in the same symbol, the control
unit causes the decoding process in the decoding unit to be performed
after subjecting the blocks in the saff®® symbol to the despreading
process. 9. The wireless communication apparatus according to Claim 8,
characterized in that the reception processing unit includes an FFT that

ove ORDM-damnomdates themradsived signal, and a channel correction circuit,
and the control unit terminates operation of the FFT and channel
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communication apparatus according to C 8, characterized in that,
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using two or more OFDM symbols,

the control unit discriminates whether or not each
block within an OFDM symbol has a channel estimation result
indicating that the decoding process is possiblie by
performing despreading together with another block within
the same symbol, and

when a plurality of blocks each having the channel
estimation result are pregsent in the same gymbol, the
control unit causges the decoding process in the decoding
unit to be performed after subijecting the blocks in the same
symbol to the despreading process.

9. The wireless communication apparatus according to Claim
8, characterized in that the reception processing unit
includes an FFT that OFDM-demodulates the received gignal,
and a channel correction circuit, and

the control unit terminates operation of the FFT and
channel correction circuit with regard to an OFDM symbol for

which the despreading process is not performed.



spread, and causes the decoding process in the decoding unit to be
performed after subjecting the block satisfying the channel estimation
result to the despreading process. 11. The wireless communication
apparatus according to Claim 10, characterized in that the reception
processing unit includes an FFT that OFDM-demodulates the received
signal, and a channel correction circuit, and the control unit terminates
operation of the channel correction“ircait with regard to a block for which
the despreading process is not performed. 12. A wireless communication
method for performing a reception process of a transmission signal in

1 awhichidata tor dleesentavasspreaatinton plupality ohblogks@véiag to
frequency domain or a time domain, characterized_by comprisin
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whether or not a despreading process of the received signal is necessary;
chaarbidckesaleationi stepof selectihgdihen itrigy determined tlatthding
despreading process is not necessary for , }
process 1s possible by performing despreading together with
some other blocks within a plurality of OFDM symbols over
which the same data as data of the one OFDM symbol has been
spread, and causes the decoding process in the decoding unit
te be performed after subjecting the block satisfying the
channel estimation result to the despreading process.

11. The wireless communication apparatus according to
Claim 10, characterized in that the reception processing
unit includes an FFT that OFDM-demodulates the received
signal, and a channel correction circuit, and

the control unit terminates operation of the channel
correction circuit with regard to a block for which the
degpreading process is not performed.

12. A wireless communication method for performing a
reception process of a transmission signal in which data to
be sent was spread into a plurality of blocks over a
frequency domain oxr a time domain, characterized by
comprising:

a reception processing step of performing a reception

process of a spread signal;



all the blocks, a block for which the decoding process or the despreading
process is performed on the basis of a channel estimation result of each
of the blocks; a despreading processing step of performing despreading
on the block selected to be subjected to the despreading process; and a
decoding step of decoding a signal of a block that is selected to be
subjected to the decoding process without despreading or a signal
obtained after a plurality of blocks that are selected to be despread have
been despread.

a channel estimation and SNR estimation step of
performing channel estimation and SNR estimation of a
received gignal;

a determination step of determining, based on an SNR
estimation result, whether or not a despreading process of
the received signal is necessary;

a block selection step of selecting, when it is
determined that the despreading process is not necessary for
all the blocks, a block for which the decoding process or
the degpreading process is performed on the basis of a
channel estimation result of each of the blocks;

a despreading processing step of performing despreading
on the block selected to be subjected to the despreading
process; and

a decoding step of decoding a signal of a block that is
selected to be subjected to the decodihg process without
despreading or a signal obtained after a plurality of blocks

that are selected to be despread have been despread.



