- 1 - DESCRI PTI ON W RELESS COMMUNI CATI ON APPARATUS
AND W RELESS COVMUNI CATI ON METHOD Technical Field

[ 00011 The present invention relates to a

W rel ess communi cati on apparatus and wrel ess
conmuni cati on met hod that use an OFDM nodul ati on
schene and that perfoim UAB comruni cation in which a
transm ssion signal is sprgad over a w de band, and
nore specifically to an MB- OFDM based w rel ess
comuni cati on apparatus and w rel ess comruni cati on
met hod that performa reception process of '
transm ssi on data spr @&CBIETIORe frequency domain

and the tinme domai n. Background ﬁwt%éﬁﬁggg
WIRERESn COYMUM HRA TR B 2 REGRATRIES Ao (IR GNETO
hi gh- speed transm ssion at a speed higher than or :
METH@@UaI to 100 Mops using a very w de frequency band,
called "ultra wi deband (UWB) communi cation", has
attracted attention. For exanple, in the U S.,
TechsReC r%he k for UAB was specified by the FCC
sder al ni cati ons Comm ssion), and, in indoor

[0008 vironments, UWB transm ssion can be perforned at a
bgnd of 3.1 Giz to 10.6 GHz. OWNE communi cation all ows

negh- SPEEdaY § AL 8T 1 bHANSTLERLOR! O §RiEGRL due to
communication apparatus and wireless communication method
that ﬁse 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.
Bapkground Art

[06002]

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

wireless transmission in spite of, due to its transmission



power, a wreless comuni cation schenme designed for
near-field applications. Thus, a PAN (Personal Area
Net work) with a comruni cation range of about 10 mis
assumed, and UWB communi cation is expected to be put
into practice as a wirel ess conmmuni cati on system

i npl ementing near-field ultra hi gh-speed
transm ssi on. [0003] - Bor exanple, in the | EEE
802.15.3 Standard Board, a data transmission schene
with a packet structure including a preanble has been

devel oped.as _an access _cantrol .schenge f.or %?E%? _

POV g, LS L0, CORTERIS A aTH S HeBE e ok, disinds
, , t - i he. i

£1e13PGBR1BRESLEAT) - TR CORR N b0 LOR.PAREY HARBRRT

with C%%%ﬁ%%i%%t&%&lqa%%#%%a%&%gﬁﬁt a%ﬁnagﬁéﬁ£&$$M¥a and UWB

schenme enploying an ation schenme were”’

com n efii-aed -as 1:MB RRE 3 Mo 2% facdl e Tutel ‘i‘ﬂ%c,ttf:ﬂcaé S0y

he respective schenes are béing carried out.
wireAeGQr diohguhe M G ihegonalp1-RAHenREY ddas SN g ultra
Mul ti plexing) transmission, it is possible to avoid
high-@gets eRanBmtiReilgransni ssion quality caused by
phasi ng of radio signals and to realize high-speed
[ooolijgh-quality wireless transm ssion. [0004] For the
| atter OFDM UWB schene, a nulti-band schene
(Rereenahbpee, r eheched IEBEag 0an15VE- GeBhdsckieea)-d,na -
whi ch a band of 3.1 GHz to 10.6 GHz, which was
datas pearkinddshynt kehEGE withd a geskditvisdedhdtintme ancluding a
: plurality of subbands each having a bandw dth of 528
preaiidZ cahdsi bewm devedegeeneys roppiauegsFidorntsrperdadremed for
bet ween t he subbands has been exam ned. According to
UWB (commeEicelidme. cdmmbhicaBpandmay P&PE dlérestt Bequence
effects fromother systens, but conmunication is_ not
Spreggh Spastiram) y Ui eahgice didde ddse amesdiapuainged £ a DS
_constantly changing. Mat is, coexistence with other
<Dlr§>¢§§@ﬁ§aid§ pOLEHRE Lo F IR PIRasingy s st ss to

easy scalability are achieved. [OQPQA ,
the maximum limit, ‘and an OFDM UWB 'scheme employing an OFDM

modulation scheme were defined as UWB transmission schemes,
and trials of the respective schemes are being carried out.
According to OFDM<(Orthogonal Fregquency Division
Multiplexing) transmission, it is possible to avoid
reduction in the transmissio-n quality caused by phasing of
radic signals and to realize high-speed high-quality
wireless transmission.
[0004]

For the latter OFDM _UWB scheme, a multi-band scheme
{hereinafter referred to as an "MB-OFDM scheme") in which a

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



Mor eover, as another UWE application, a wreless
version of USE (Universal Serial Bus), which has been
wi del y used as a general - purpose interface for
personal conputers, i.e., "Wreless UWB", has been
exam ned. Since UWB is a near-field | arge-capacity
W rel ess communi cati on schene, high-speed data
transm ssion in an ultra-sBort-range area such as an
ul tra-hi gh-speed near-field DAN (Device Area Network)
including a storage device can be realized. For

is FAMLE A0 %ﬁ't al fdeglb%en ch, 45 18, digl tal

carrera or a mu C eVI Sl on se r

a
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et \ﬁ' Rel TRYRLQfadTHRIL kﬁféna é%fan?‘mg& at acording

I gh speed for a short tine. ess USB utilizes

to die Eﬁ@s@ﬁ@Mesc%%'ﬂﬁméﬁc%ﬁmyC@dﬂn &rhee il Yefrects
|'ayer and MAC layer). [0006] - Currently,

fromMdthee @8-t @ , t %tl\/%ﬁgﬂls&rﬁ@a tdherpondieeicially
di scussion in the | EEE 802.15.3 TG 3a substantial ly

intedif@ilddy teeiiespends fredush ECMs (daHaReaN YCURHREINg .
Manuf act urer Associ ation) standard, and the standard

Thatsfegi fdoeatiisernet M&:rPldNéHeaLy&rysatminé\/A@ lreerib e a dMB
comuni cation systemis described in ECVA-368 (see,
highf gheexarphresiNoarPa end Becynmesntallbi [i060Hre achieved.

According to this standard specification, M-OFDM
[000&dnmuni cation systens enpl oy a comruni cati on schene

in which transm ssion data is spread over the

f Meyaewmey . darminoghdrt HEBt Bpp ldewdilen, The wigemhess

"spread" as used herein neans that the transm ssion
versgon g e (@i sinsagerTesiifeld Bopl urdtialy Infs theps widely

using a plurality of spread positions (hereinafter
usedgago o ederad PR oD | igHariash e BeeHiEht RS /

and_the tinme domain. In OFDM transm ssi on,

1. e o THiGTRESSo A "s p Fest RE T EAHR S bquétey Sd & isarfd
jggﬂgigng dlrecthis mpuld optimze a s readléﬁ
neans @qu‘%‘?é’atcol h& 5 a‘f‘%}“m‘f%]s‘iﬁ TG Forene
op ance (.see, foar_exa ent Docunent
i gl e LIah e Ta¥bi T i oL b %b%? ST o o7
such '?fs 23 ‘E%Iaathl el %(&;he aP;TL ”J{ ké) RQ{)&F Se&l A ous
an | nprovenen I se OJ)
Network) including a storage device can be realized. For
example, a mobile digital device, such as a digital camera
-or a music player, and a television set or a persdnal
computer can be wirelessly connected within a short range to
transfer a large capacity o©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).

[0006]



[0008] Fig. 12 illustrates a nechani sm of data
communi cation - 5 - based on such a spreading
schenme. Three subbands (frequency channel s) having
center frequencies Fl, F2, and F3 are provided on the
frequency domai n, and frequency hopping is perforned
bet ween the subbands in a round robin fashion for
each OFDM synbol . Further, awhken viewed on the tine
domai n, OFDM signals are transmtted at predeteui ned
transm ssion timngs Tl, T2, T3,. [0009] One

DM I ] i vided.i I h
?Esaaéﬁ@% 7 5B YegRE, Re” ehie s DR, BerkRE Bk
' t |rat: hal.f | f F
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ransm tted over the sub avi ng e center

Com g:t%gu %ﬁ%&hﬁ@c 3N dd I8 s Hio e esfit-d hesang, dat a,

The sane data is further transmtted using

s tarkie o ORsea Yok 10DV IOy Thilfer AR@nghAM 2y O a

are carried on the first half and second hal f Bl ocks

UWB @bnain@eBMisyiTiels deangriddrd-oxat thesubbaryl hd NgEor
the center frequency F2 at the tine T2, represent the

exan@ded NorWdatlnits Dwemgane 13s. Al. The sending of the
.data Atwo tines using the first half and second hal f

[ooog@grti ons of one OFDM synbol neans that the sanme data
is sent a plurality of tines at different spread
pastbirdhagohot hbikr egaadey ddemaialf iaed itdys MB~OFDM
corresponds to "Frequency Domain Spreading (FDS)".
commfEgridadn ont mysdemdi rpofot ke amrauy cvieron wecheme in which
consecutive OFDM synbols - 6 - _
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 also referred to as "blocks") on the frequency
domain and the time domain. In OFDM transmission, two-
dimensional spreading in the frequency domain and time
domain directions would cptimize a spreading factor
according to the line state, resulting in optimum
performance (see, for example, Patent Document 1}. Moreover,
on the receiving side, superposition of the same data
received the plurality of times allows an improvement in SNR
(Signal-to-Noige Ratio}.

[ocoo8]

Fig. 12 illustrates a mechanism of data communication



nmeans that the sanme data is sent a plurality of tines
at different spread positions on the tinme domain, and
t hus corresponds to "Tinme Donain Spreading (TDS)".
The sane applies to other blocks Bl to B4 and O to
C4. [0010] Meanwhile, in Stored-and-Forward-Sw tching
communi cati on systens, packet comrunication in which
transm ssion data is assemy ed into transm ssion
units called packets and is then sent and received
bet ween communi cation stations is generally adopted.
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Mops, 200 Mops, 320 Mops, 400 Mops, and 480 Mops are

timSReeiti edsz angh t he nunber of tines data to be sent is
spread is specified to be four for 53.3 Mps to 80
[ooddaps, two for 106.7 Mops to 200 Mops, and one for 320
Mops to 480 Mops. - 7 - Link adaptation in which a
danha oFDE, sgmboedi 1g Khve.deand ricorathd allick s chiergheaar e
adaptively set, together with the nunber of tines
centtat E resnspicadhaceef diagd tiohé heame ndam: cht | onasémieted
etc., is possible. However, it is specified that the
usim® Chdheadest porli amdeserdmd ngal fippleans . | rfonebhiample,
~ for packet transm ssion be delivered at the | owest
Al gul A% atii {8 . Bravbps)riedarull Bse Dirshehabimamd caetond
/environment and is also specified that the data to
halheaenionse ahrazadBRMErsYHeC } r ehRiesieyt dedapvietnehe heubband

time domain in order to injt_)rove t he SNR
having the center frequency Fl1 at the time T1l, represent the

same data, data A. The sgame data is further transmitted
uging two consecutive OFDM symbolg. Thus, A3 and 24, which
are carried on the first half and second half blocks of an
CFDM 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 second half portions of one OFDM symbol
means that the same data 1s sent a plurality of times at
different spread positions on the freguency domain, and thus
corresponds to "Frequency Domain Spreading (FDS)". Further,

the sending of the data A over two consecutive OFDM symbols



[0012] [Table 1] Data Rate (Md/s) Modul ati on Codi ng
Rate (R) FDS I DS

" means that the gsame data is gent a plurality of times at
different sgpread posgitions on the time domain, and thus

corresponds to "Time Domain Spreading (TDS)". The gsame

applies to other blocks Bl to B4 and Cl1 to C4.

[0010]

Meanwhile, in Stored-and-Forward-Switching
communication systems, packet éommunication in which
transmission data is assembled into transmission units
called packets and ig then sent and received between
communication gtations is 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 Sexrvice Data
Unit) as 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. .

[0011]

According to the ECMA gtandard 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 1is 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.



Coded Bits / 6 OFDM Synbol (NcBpss) Info Bits / 6
OFDM Synbol (Nnmpros) 53,3 DPSK 1/3 YES '

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 PLCP header portion describing important
information for packét 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
be spread over the frequéncy domain and the time domain in

order to improve the SNR.

{oo12]
[Table 1]
Data Rate ] Coding Coded Bits / Irfo Bits /
(Mbfs) Modulation Rate FDS | TDS & OFDM Symbol & OFDM Symbol
R (Ncapss) (Nigpes)
53,3 QPSK 13 YES | YES 300 100
80 QPSK 12 YES | YES 300 150
108,7 QPSK 113 NO | YES 600 200
160 QPSK 12 NO YES 600 ' 300
200 QPSK 518 NO | YES 800 378
320 DCM 12 NO NO 1200 600
400 DCM 5/8 NO NG 1200 780
480 DCM 34 NO NO 1200 900
[0013]

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

communication environment is good, communication



YES 300 100 80 DPSK 112 YES YES 300 150

characteristics are excesgively improved, which is in itself
not a problem. However, performing the feception 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 USB, it is Specified that a
payload portion of a controi packet called MMC (Micro-
scheduled Management Commands) be sent and rééeived at a low
data rate regafdleSs of the communicatioﬁ environment and
that data be spread over the freqﬁency 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 Patgnt Applicaticn
Publication No. 2002-190788

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

Technical Problem

[0016]

Example embodiments can provide a superior MB-OFDM-
based wireless communication apparatus and wireless
communication method in which a reception process of

transmiggion data spread over the frequency domain and



106, 7 DPSK 1/3 NO YES 600 200 160 DPSK 1/ 2

the time domain can be efficiently pexformed.
[0017]

Example embodiments can provide a superior wireless
‘communication apparatus and wireless communication method in
‘which, as with a PLCP headef portion of a Phy ffame in MB-
OFDM communication or a payload portion of an MMC in
Wireless USB, a reception process can be efficiently
performed, with reduced power consumption, on data torbe
sent.énd'received at a low data rate regérdless of the
communication‘environment by performing a spreading process
over the frequency domain énd the time domain. -

Technical Solution |
f0018]

In a first aspect, there is provided a wireless
communication apparatus that performs a reception process of
a transmission signal in which data to be sent was spréad
into a plurality of blocks over a frequency domain or a time
domain, characterizéd by comprising a reception processing
unit that performs a reception process of:a spread signal; 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

gsignal; a decoding unit that performs a decoding process of



NO YES 600 300 200 DPSK 518 NO YES 600

the received signal which has passed through the despreading
unit; and a control unit that contfols operation of the
despreading unit and the rec¢eption processing unit on the
basis of channel estimation and SNR estimation results.
[001831

In a second aspect, there is provided a wireless
communication ﬁethod for performing a reception pfocess 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, characﬁerized_by compriéing: a recepfion processing
step of performing a reception process of a spread signal; a
channel estimation and SNR estimation step of performing
channel estimation and SNR estimation of a receiﬁed signal;
a determination step of determining, bagsed on an SNR |
estimation result, whether or not a despreading procesgs of
the recéived 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 despreading proceés is
performed on the basis‘of a channel estimation result of
each of the blocks; é despreading processing step of
performing despreading on the block selected to be subjected
to fhe despreading pfbcéss; 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



375 320 DCM 1/2 NO NO 1 200 600 400 DCM

- 1L0a -

after a pluraiity of blocks that are selected to be despreéd
have been despread.
[0019]

ﬁWB communication using a very wide frequency band is
expected as a wirelegs communication system implementing
near—field ultra high-speed transmission, and is being
standardized. For example, in an OFDM_UWB commuﬁicaﬁion
system, a spread data communication scheme in which the same
data is transmitted a plurality of times usiﬁg a plurality
~of positiéns on the frequency domain and the time domain has
been employed. According to such a data transmission scheme,
on the receiving side, superposition of received spreadi
signals allows an improvement in SNR.
[OO20j

However, if frequency domain spreading'and time domain
"spreading are pefformed even in a goodlcommuniéation
environment, performing a reception process of a spread
signal a plurality of times on the receiver side has no
problem in improving the SNR; however, althbugh
communication characteristicslaxe excessively improved,
which is in itself not a problem, power consumption
increases more than necessary, which may cause a problem.

[0021]



5/8 NO NO 1 200 750 480 DCM 3/4 NO NO

!

- 13 -

For example, it is specified that a PLCP 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 énvironment. 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 time, resulting in power
consumption being increased more than necessary.

[0022]

A wireless communication apparatus in example
embodiments, on the othernhand, is configured to select,
when a reception process of-an MB—OFDM-signal is performed,
turning on/off of despreading over the frequency domain and
despreading over the time domain on the basis of a channel
estiﬁatioﬁ'value and an SNR estimation value using the
preamble portibn of a packetﬂ That ig, when an_estimafed
SNR value exceeds a.certain value, a block selection
proéessing flow for turning off the despreading is started.
By terminating an unnecessary despreading process, therefore,
power consumption can be reduced. “
f0023]

| As shown in Fig. 12, in a case where the same data is
sent a plurality 6f ﬁimes using'a plurality of blocks on a

two-dimensional space determined by the frequency domain and



1 200 900 [0013] I f frequency domai n spreadi ng

and tinme domain spreading are perfoinmed to inprove

the SNR even though the conmunication environnment is

good, communication - 8 - characteristics are

excessively inproved, which is initself not a

probl em However, perform ng the reception of the

spread signal and a despreggling process on the

recei ver side would introduce a further problemin

t hat power consunption i ncreases nore than necessary.
S0 in VVreI
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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
operation of the corresponding circuit is terminated. Thus,
a reduction in power consumption can be realized.
[0024] |

When a spread signal is received, first, the controlk
unit determines, based dn 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
necessary for all blocks that have been two-dimensionally
spread over the frequency domain and the time domain, and
Vthe 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.



[0015] Patent Docunent 1: Japanese Unexam ned Pat ent
Appl ication Publication No. 2002-190788 Non- Pat ent
Docunent 1:
http://ww. ecnai nt ernati onal . or g/ publ i cati ons/ st andar
ds/ Ecnma- 368. ht m Di scl osure of Invention Techni cal
Probl em [ 0016] Exanpl e enbodi nents can provide
a superior M- CFDVWased wit£less conmmuni cati on
apparatus and w rel ess conmuni cati on nmethod i n which
a reception process of transm ssion data spread over
the frequency domain and - 9 - the tine domain can
10025d efficiently performed. [0017]

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 gpread. For example, for each
biock of an FFT—outpﬁt OFDM symbol, based on whether or not
a channel estimation result indicates that the number (oxr
_the ratio) of‘sﬁb—carriers exceeding a f£irst threshold value
is greater than or equal to a predetermined value, it can be
" determined whether or not the decoding process 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 dececding 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 decoding process is
posgible without despreading is not present in the received
spread signal, 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



Exanpl e enbodi nents can provide a superior wreless
comruni cati on apparatus and w rel ess comuni cati on
method in which, as with a PLCP header portion of a
Phy frame in MBOFDM conmmuni cati on or a payl oad
portion of an MMC in Wreless USB, a reception
process can be efficiently perforned, wth reduced
-power consunption, on data to be sent and received at
a low data rate regardl ess Bf The communication
envi ronment by perform ng a spreadi ng process over
the frequency domain and the tinme domain. Technica
preSehtt.i oDheAP18hce the pRedehbesbfaspebt schBebBotBs has
provi ded a-w rel ess conmuni cati on appar at us t hat
beepe plbdent ca bee ceptfiiamegl, 0téss defspacbidngnpsdice” sSigna
in which data to be sent was spread into a plurality
pexrdbrisedchks ovdy &hbmsequeney bdomdisnacd &hti decddimgnprocess
characterized by conprising a reception processing
in ghiet depatiper hodt &sr peaporoedpr oEessaoplackpreadto be
signal ; a channel_ estinmation and SNR estimation unit
usedhat-lge CPEXREPERAARS CAFCIWHR iten tamlisRRedst | Hags ona
of a received signal; a despreading unit that
redyeFfgPmi NdBSPrEadPRGUBPHLRE CedePPeachigiar: a
de?oding unit that perforns a decodi ng process of -
(00281 the received signal which has passed through the
despreadi ng. unit; and. a control unit that controls,
op PR TEHOES { hbt despl agti MGY (Pt 2 aFRRTREL  SeHbT bon
resgigces En% Enittgntthe basis of channel .esti tign
an sstiRd: FOR T 8sTPPs C3F60T8af Pnt8°s&ebib
cnrBSREEh yARALC, LS REOVLASA A MLl Eas GORIUAI GALT ef.
met ho or performng a reception process of ‘a .
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spread into a plurality o ocks over a frequéency

thafOMBi MoRbrachhABcHaMR, R cChRrachenkhzed1RY §ONMBLLEERY than
- a reception processing step of performng a reception
or BHOSESEoOEna ppeBadeshgnaky; valcRangebresthiat i eNc-aAdpe
SNR estimation step of perform ng channel estimation
detapdiBAR eRbtnBhioAcebdangepebredsSigngbss@ble by
determ nation step of determ ning, based on an SNR
-subgsttimyi onlyeshubke wbRthBLooksnet ahdedpspadafiing process
process of the received signal is necessary; a bl ock
to geheetreoansimprofresehecinngNRwhen it is determ ned
that the despreadi ng process is not necessary for al
[0028E Dbl ocks, a block for which the decoding process or
t he despreadi ng process is perforned on the basis of
a BhaHmemest i e onl rebess ofnmaicfiaheanpaocksis an
despreadi ng processing step of performng despreading
exapple e BPREReBEF crl 88 FBTrBEN3LBFecEfel aobipek for which
despreadi ng process; and a decodi ng step of decoding
the desphafdbio PHPoERSt haf PscRefEnEmR e voy shbpekt ed

t he decodi n rocess w thout despreading or a:
sel§$6%%$,o%?%iﬂ@%rgtEOH of an RF anafgg procéssing unit. or

an AD converter or a digital processing circuit portion such
ags an FFT or a channel correction circuit. Thus, the
effects of low power consumption can further be improved.

For example, with regard to an OFDM symbol for



- 10a - after a plurality of blocks that are sel ected
to be despread have been despread. [0019] UV\B
comuni cation using a very wide frequency band is
expected as a wirel ess conmmuni cati on system
i mpl ementing near-field ultra high-speed
transm ssion, and is being standardi zed. For exanpl e,
in an OFDM UVB connunlcatlgg system a spread dat a
comuni cation schene in which the sane data is
transmtted a plurality of tinmes using a plurality of
posi tions on the frequency domain and the tinme domain
Whl%s“—% SRSl S ORI Pl PN EEYatfhe operation
transm ssion schene, on the receiving sjde,
of- %@Fﬁbﬁrt it Shametsd; RF IS b sF Hrat st aﬂielt%v%e an
rovenent i n SNR. 0020 However
temf cy MABREVATs it 5d?n%’1éﬁ‘é< tﬂ%lﬁ&nﬁ% %&%
X erforned ever in, a good.communi catio.
seciid SRS 5o (o IS LUt R Pt els Bt perEormes
pread aI Iur ity of tjnes on the recelver
v e G B TPl e (PR ho T rem T HETETERE can pe
rermldQugh conmmuni cation characteristics are
exceSS|ver i mproved, which is in itself not a

[Oojypblen] power consunption increases nore than
necessary, which may cause a problem [0021]

Feb %3R8 e, 'Enﬂ% seeel fied-d hale AR NeRde b rocess is
portion of a'Phy frame in NB-OFDM communi catiom or a

terniad@ad PO e e Mp#HcMEE el £SSe MEB-REI on only one

subj ected to frequency donai n spreading and tinme

blodlOMEdY S eRthimn G @l QsSieh ther COIMHBE CadtdBed, the
environnent. In a good conmuni cati on enV|ronnent a

FET rReitte qreifiinecrtespiead: hgepf ocess oa thpatnated.
spread signals although it is possible to performa
Mordgmeapt iy i agessk wildr dad anat daeodédeyitlesnl thay OADM

power consunption being increased nore than
symhmelcesdar y)ehannel correction circuit can be termlnated
[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 frequency 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.

[0C31]

As shown in Fig. 12, in a communication scheme in which

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



[ 0022] A wirel ess comrunication apparatus in
exanpl e enbodi nents, on the other hand, is configured
to select, when a reception process of an MB- OFDM
signal is performed, turning on/off of despreading
over the frequency domai n and despreadi ng over the
time domain on the basis of a channel estimation
val ue and an SNR estimatiofval ue using the preanble
portion of a packet. That 1s, when an estinated SNR
val ue exceeds a certain value, a block selection
processing flow for turning off the despreading is
whicdt smrshdimg tastel g g senme cdaaty Res gresitinRy formed
process, therefore, power consunption can be reduced.
by YpomEgitting AhsSHERE idRH ¢ioUg Fhl SLhadelafet eriHen
sane data is sent a plurality of tines usin

the SHRM ISP BHokk SR - #endionzt e @in has

det er m ned t he freguency domain and - 12 - the
beer] e At B A F L S e iy ek Do or

mord ML 4R 0L 06y sUhel, 1 M AL [ oLt BB N
i QT BSOS ISR PSS B S e
orol 5, BALE L3, 5, S SO oo 0 SESRLERCLD e
e S ATLSEL Bl 00 e ey GOt Pty ol
togd GAUCHI O | ROV SONSIMLE ONe62P De, r#8LEiReH. or not the
decoding process is possible by performing the déspreading
procegs 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 thé blocks within the OFDM symbol and then the
decoding process in the decoding unit is perﬁormed. This
- corresponds to a block selection operation in which
despreading over the frequency domain isg 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 symbol
for which the despreading process is not performed, and can
obtain higher low-power-consumption effects.
[00322]

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

OFDM symbol are not sufficient to collect good channel



[ 0024] When a spread signal is received, first,
the control unit determ nes, based on the SNR
estimation result, whether or not a despreading
process of the received signal by using the
despreading unit is necessary. Wien the SNR i s bel ow
a predeterm ned value, in order to achieve an
i mprovenent in SNR, it is determ ned that the
despreadi ng process i s necessary for all blocks that
have been two-di nensionally spread over the frequency
domain and the tine domain, and the despreading unit
estiimagdbinvatedl tWhend e SMRdexeeedsctihehpredele ddcead ng
val ue, on the other hand, it is deteimned that the
prodespr éadnng precddd e, s beobupecessanyguffdn calehtt Aieprovement
bl ocks, and furthernore a bl ock selection flow for
in- $8Receiveg afbkbek desprehiddhgt beodessdilisg perdoessdor the
t he spreadi ng process is perfolLtued on the basis of a
conghganunisseepurhes fesubt bépckabhvohat he chibockd i s
started. - 13 - [0025] - I'n this block selection,
estipateont reFulhi trdisaringnkbes Rhet Hecogdingoprackisechs
havi ng_a channel estimation result indicating that
PoseRE1geBdPRY T BrBEDSs IP§PpE3SiBle tREERBEE éfé§gr Egfengther
present anong a plurality of _bl ocks over. which the

blogiﬁeOasratwasose@ﬁrgpPEBH sERPoLRafgPdectefl Egcppreading
bl f FET-.out p b d whet h
oveg; RS Thmdrahhaitae e o%ow%gffeclf%?r?%e%&% Evina svea 2
h t f b di
- cnafHIRPLo Rk on Bhbble arEs BatirEERan el SRR fpge oron
d t -
svm%?ge%éﬁg’:e@%ﬁ%%b%rgggéég‘:?%‘o%%g%e%? BEREAMAS! B8 ifbrove
d . ,
thelSART SR, I Necdafhd odil 1119 Mg 0eeaB i s
perEBrltﬂB@ degpreadi g bdad sed ef %Mﬁ%%@%ﬂt%&fa'ti'on

bl ock is subjected to the decodi ng process Ln

in ¢BCeHI AgsPPRbhaiRgr HeEM PHeardeg§REhRY BHRAGESSiANLARhYA off
one bl ock neans that the despreadi ng processes over

whibet Hetpeehaenyesoyrdensi DiaBdabhaendosBtLOraEt8 on. In
term nated. [0026] Further, if a block for
thishtabet het desodeagspapgess estﬁﬁeslﬁlblmtkhﬁdtbe uged for
despreading is not present in the received spread
desprgadingt heowonhe oregpett $ubsefbMnsiwbdilscr i Thukat e’FT
whet her or not a bl ock having a.channel estimation
cannesube teuhtariag.t Hatth heegbecbdion@ prloedssfos which the
possi bl e by perform ng despreading together with sone
despreadiny gekgcess is1got performed however, the operation

of the channel correction circuit can be terminated.
Advantagecus Effects
[0033]

In example embodiments, a superior MB-OFDM-based
wireless communication apparatus and wirelegs communication
method in which a reception procesg of transmission data

spread over the frequency domain and the



present. Then, once the presence of such sonme bl ocks
has been able to be confirnmed, the despreading
process is perfornmed on only those sone bl ocks and
t he decodi ng -process in the decoding unit is
performed. For a block not to be used, the
corresponding circuit is termnated. Thus, a
reduction in power consunption can be achieved.
[ 0027] For exanpl e, 7 8 bl ock having a channe
estimation result indicating that a sub-carrier
exceeding the first threshold value is not included
timbusiomden ndanebe (OF £ i Beenal iy OpeBFoBtkbd Caditi | 186 Sprovided.
exceedi ng a second threshold value that is | ower than
[003dE first threshold value is greater than or equal to
the predeterm ned value is present, it can be
détwrtiamebchata tshgoaeicndi M (Rt dsssdd wiossliddse by
subj ecting only those sone bl ocks to the despreading
COMpUBLERSIeR pPiryeuanandprivehent ¢OMBNR c{0028]method in
_Furthernore, the wireless communi cati on apparatus in
- whighfpterenbbedy nehtd abs5e2dephymal cdt ddicln Prewuktion
whi ch the despreadi ng process _has been term nated by
PTOgt 3kS sedede ot L1 FecBpeY P hiP TR A FOER Do 2
rocessjng unit or an AD converter, or_a digital
COMPIPCRTMY THYELPENERY t FIm BAMN G FFT or a
(00 %ﬁgnel correction circuit. Thus, the effects of |ow
r consunption can further be inproved. For
examl.e,. wth regard to an OFDM synbol for - 15 - .
Bt TS T SSTTRE eSS TR ol armeds 1 e with
' i T h nnel tion . .
P B i i hat 2 T Ao B S Gy cation
' ' Tetate] h
or %%ép}?%dﬂi %Ofpl)@oc%gs%ﬁie%ﬁnot p{ell?fwglf%sg W t S|]§’n g“ﬁhe&:DM

recSYMR) . adde «Dannele cor 488t O Gid Ul £a,P&%ata rate
termated. [0029] For exanple, in a case where

regd 1tel &8s e ath ) ERHiReeSSa t Sort &ddst 1 ddigteatt and dderorming a

decodi ng process is perfornmed on only one bl ock, for
spreau P sy pest | @ie thadquendptadiecadeathd the e

and the channel correction circuit can be teninated.
domain, the on/off switching of a despreading process of a
spread signal or other signal processes according'to a
communication environment, whereby an efficient reception
- process with reduced power consumption can be realized.
[0036]

Other objects, features, or advantages of the example

embodiments will become apparent from a more detailed

description with reference to the following embodiment of

the present invention or the accompanying drawings.



Moreover, for a block that is not decoded wi thin that
OFDM synbol , the channel correction circuit can be
tem nated. [0030] Furt hernmore, when, using the
bl ock sel ection descri bed above, only sone of a
plurality of blocks over which the sane data has been
spread are despread and decoded, the control unit
preferentially perforns [h§9d§spreading process over
the frequency domain. Thus;"FFT can efficiently be
termnated for a spread signal over the tine domain
for which the despreading is not perfolLned, and the
Bridb\kegowermorsunpt i omaeffgst s can be i nproved. [0031]
As shown in Fig. 12, in a conmunication schenme in
[003hi ch one OFDM synbol is conposed of a plurality of
bl ocks and in - 16 - which spreading over the
fri&g@endy dowhai A Hes el Paan ot hemdy: ¢a bhHs nF eV Heg a
the same data using all the blocks within the OFDM
hardwam| Coiki 1 5P badi § 29 HBtr REDY recabiarnaRasrBéed to
performed by transmtting the sane data using two or
an ?ﬂﬁ%@%%ﬁ%%dﬁ?i@%gCF{R@%ngbpg?nFFP§t, the contro

uni_t. di s¢ri_m nates, whet her or nat each block withjn
an FRET- &jt Bt -OFDM s AR & %W%Iarésﬂlﬁ%¥?%:iw
result indicating that the decodipg process is
stritie & I e e 40 RO HEChT Bagl Mt bgether i th some
not, t he

Otir%elr blﬁd%sigs.gi ti | s 15%3?&161{1 gé?%%a%%%%ggggﬁ%vvgng an

process i's p I§;5§ pertam ng

equilfLLERS SN LALD 5&8&%&%@&8@ ind 18R nb! At e

decodi hg process 1's possi pérform ng

com%gmﬁﬂ?!w é}{ocgﬁféff’néééi%ﬁﬁh dhggtﬁ%ﬁ&n@g, the

spreadi ng process Is perfor ocks within

despne EHM sybel - apgd then the decoding process in the
decodi ng unit is perforned. This corresponds to a

bl @Gl saljegtipn Lpes af | Orbddh i ChhSeshE eadi-88=HVekn
the frequency domain is turned on whil e despreading

pro@y&s phecddife d0fBA NspEctdr BeEnahf . whicBUGR Re&&S@med in
the control unit term nates operation of the FFT and

the thecehamnedheanr eat Fog. circuit wth regard to an OFDM
synbol for which the despreadi ng process is not
peiffigr.ned, Rind caniobi ai Yowdlgdet showing a specific
| ow power - consunption effects. [0032]

procedure of a block selection process.

[Fig. 6] Fig. 6 is a diagram showing an example of
channel egtimation resultg of OFDM symbolg F1 and F2 over
which data A is transmitted.

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

[Fig. 8] Fig. 8 is a diagram showing an example of

channel estimation results of OFDM symbols Fi and F2 over

which data A is transmitted.



On the other hand, in a case where bl ocks within one

OFDM synbol are not sufficient to collect good

channel - 17 - estimation results and it is

determ ned that the decodi ng process is not possible,

because of insufficient inprovenment in SNR, even if

t he despreadi ng process is perforned, the contro

unit searches for a bl ock Egving a channel estinmation

result indicating that the“decodi ng process is

possi bl e by perform ng despreadi ng together with sone

ot her bl ocks over two or nore OFDM synbol s subj ected

t drspr.eadi Mjqver itshe tdimgcdomshmwiiiemn somnbl ®@okS the

satisfying such a channel estimation result are
opexmiiertel et wesrbldosentORDM synbeis ahdiphehe case of

despreadi ng process is perforned to i nprove the SNR
the Tleamne heesletorli o proceblss | phowe decba¥ng8unit is

performed. This corresponds to a bl ock sel ection

opétig-i drfli Fishi AP deéspr cHARFRD VIO HE f3e fietiegle of
, domain is turned of f_while des readln over the_tine

charffmi 75 F e bl dr oF Lt @F| @Flaﬁséymb@ PsFhedBesERy VBT

extract a plock to pe used for despreading fromthe

Whl? §%%%%r%el%rﬁﬁﬁ%?%%BW% Thus, FFT cannot be

m nate VVth re ard t ). 2 bl ock for which t
adiHg Tbodds 1% ot BETEr L Ir%v%%%awee o
the °€$%f%%$€%°5aé€ﬁa%t%@%%§% EPPEES ?35%‘@%9—“55 -Lp ncHE case

of t aanPogéQ§ﬁé ion §g£8i£ wéF
ere ess conmunt catl on appara US an ere

% Gh andr tlhé’dlé PR eg%‘rﬁrn ﬁ?&i?{f&gg”a %%ﬁﬁéf‘ of

sSi‘on ‘dat a ‘spread ov requency domal n

wh;@ﬁﬁ?é@g £ B8 eﬁtn§sdﬁﬂ%béfceﬂ BecgbLb¢heALl ¥nal space

pertormed can e provide Furthernore, "a

det SHREALQT VB CFRMbased &bﬁshﬁsaﬁemehcahaoa time domain
apparatus and wi rel ess conmuni cati on nmethod i n which

diré&espseads Ndgod §p§@£&@ﬂ sk@RaheQr other reception
processes can be eff|C|entIy performed according to a
COFAH CE8]l M ENVIF oientdLagrde ghovideda format of a
packet (Phy frame).
Explanation of Reference Numerals
~ [0038]
11 antenna, 12 RF processing unit, 13 AD converter, 14
FFT, 15 channel estimation and SNR estimation unit, 16
channel correction circuit, 18 despreading circuit, 19
deintefleaver, 20 decoder, 21 enable control circuit
Best Mode for Carrying Out the Invention
[0039]

The present invention relates to a wireless

communication apparatus that performs UWB communication that



[ 0035] A wi rel ess communi cati on appar at us
perforns, as with a PLCP header portion of a Phy
frame in MB-OFDM conmuni cation or a payl oad portion
of an MMC in Wreless USB, when receiving data to be
sent and received at a | ow data rate regardl ess of
t he communi cati on environnment by perfoing a spreading
process over the frequency_domain and the tine
domai n, the on/off smﬁtcﬁi%& of a despreadi ng process
of a spread signal or other signal processes
according to a conmmuni cation environnent, whereby an
empleffd Gire MFDMN aepdu D0 DS ceSsemd | hatid datsedi pbwelly to an

consunption can be realized. [0036] O her
MB - (HiMeddsssed eatumess, c ot i ad veppagesuef in hehexlangl leand of 3.1
enbodi nents wi Il becone apparent froma nore detailed

GHz descll 8 i@e wvvwibicefereneeeofie@ Pyl tlowi HGC, 1is divided
enbodi nent of the present invention or the

intqee anpaind iy dravwiigeands gach I\pyeRg Deseangridnopt 528
Drawi ngs [ 0037 [Fig. 1] Fig. 1 is a diagram

MHz gakbrigt ivgElgly LD PRRRARY e“g%hf%%u?%?f@ﬁm%fﬁ ptween

VB- OFDM r ecei ver _accordi ng to an enbodi nent of the

the subhands nyémt egodiment Of fheprgspnty fnveptdiomymiml

howi ng an, internal structure of despreadin
be §%§Qﬁﬁ%£%£%n detafﬁ herefﬁaéter wfth rgferencg to the
drawings.
[0040]

Fig. 1 schematically shows a hardware configuration of
an MB-OFDM receiver according to an embodiment of the
present invention. It ig agsumed that, as shown in Fig. 12,
a signal received by this receiver has been subjected to a
gpreading 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. 2An FFT 14 applies a



[Fig. 3] Fig. 3 is a diagramschematically show ng an
equi valent circuit for block selection including a
conmbi nation of an on/off switching unit 17 and the
despreading circuit 18. [Fig. 4 Fig. 4is a

fl omchart showi ng a reception process procedure of a
spread signal, which is perforned in the receiver

shown in Fig. 1. U? 5] Fig. 5is a flowchart
showi ng a specific proced 2 of a block selection
process. [Fig. 6] Fig. 6 is a diagram show ng

an exanpl e of channel estimation results of OFDM
Foursiyrb arsinfEf cand tlER theerdiwhitall detsebfnd siqmshndfesr being
[Fig. 7] Fig. 7 is a diagram showi ng an exanpl e of
mmmmamm@3ﬂMWwW%mmmmegmmmﬂemﬁmmﬂﬂ@r$QW@Mﬁd
case of the channel estimation results shown in Fig.
in a5 frequendyFirgngg). Fig. 8 is a diagram showi ng an
exanpl e of channel estimation results of OFDM synbol s
[0043] and F2 over which data Ais transmtted. - 20 -
[Fig. 9] Fig. 9 is a diagram showi ng an exanpl e of
| heYpabati BREORAERETOARE SR MACIMAE PRV IEL 1% ¢ he
case of the channel estimation results shown |n Fi
multgplies a.F;p@mbﬂﬂ QQQflyﬁgl%QQPQﬁ CHn PRt g@&%cted
exanpl e of channel estimation results of DNIs
to HAT AHITHS SNt ETTT A e Shaie

estimation 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
is thus omitted. |

[0043]

In a channel correction circuit 16, channel correction
procegses such as egualization processing, phase tracking,
and regidual frequency offset correction are performed. A
channel correction method itself is not directly related to
the gist of the present invention, and a detailed
description thereof is thus omitted.

[0044]

A despreading circult 18 subjects the received signal
spread over the frequency domain and the time domain to
despreading processes over the freguency domain and the time
domain. Fig. 2 schematically shows an internal structure of
the despreading circuit 18. Provided that a description

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



[Fig. 11] Fig. 11 is a diagram show ng an exanpl e of
the operation of the enable control circuit 21 in the
case of the channel estimation results shown in Fig.
10. [Fig. 12] Fig. 12 is a diagram show ng a
manner in which data to be sent is placed on a

t wo- di nensi onal space determ ned by a frequency
domain direction and a tine_domain direction using a

spr eadi ng schene. [F‘?ﬁ.'lB] Fig. 13 is a
di agram showi ng a format of a packet (Phy frane).
Expl anati on of Reference Nunerals [0038] 11

the apftenmdocky RE piretessiang Winhirk’l ADd dihverdeerg Hibcks
FFT, 15 channel estimation and SNR estination unit,

A3 ai6l elwanrnel ceotriectd owlsirecin tthel 8lades frleadisnghl and A2
circuit, 19 deinterleaver, 20 decoder, 21 enable

havec @rtenro s prigragliaveBe Sthavbuee dugnaardgniaigl Aar taee
I nvention [0039] The present invention relates

transmid teid etiddsic omerdomalon aEppdika L@attqfldftlcﬁé‘??r orheand A4

UWB conmuni cat.i on t hat
have been spread over the freguency domain {or are

transmitted within one symbol). And the despreading process
over the frequency domain is performed. Subsequently, the
data blocks (A1l + 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 i9 performs a deinterleaving: process
regaiding 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 origimnal signal sequence. The decoder 20
passeg the obtained data to an upper layer (not shown).
[0046]

For example, it is specified that a PLCP 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



- 21 - enploys an OFDM nodul ati on schene, and
specifically to an MB- OFDM based conmuni cati on
apparatus in which a band of 3.1 GHz to 10.6 GHz,
whi ch was specified by the FCC, is divided into a
plurality of subbands each having a bandw dth of 528
WMHz and in which frequency hopping (FH) is perfosLued
bet ween the subbands. An e%Eoginent of the present
invention will be described”in detail hereinafter
with reference to the draw ngs. [0040] Fig. 1
schematically shows a hardware configuration of an
enviVBIGREDV, I ec eieverl vast gredifingri aanreramdiore Mndfdedpreading
present invention. It is assuned that, as shown in
prodeigg o2 a spgiegdals iceedi \add-yyugthi s riex gpastilhbs een
subj ected to a spreading process of transm ssion data
perigyar a ederddeen®rcdefd idhd dHe taheowpneime . [0egulting
. In an RF processing unit.12, an RF signal received by
in PRAVSEHICEMFAMPL 1o DTt e TR e d e iR IR FrRIFaTY
process using a mxer (not shown) and is then
(de bARSMeEd i nto an anal og baseband si gnal .
Fyrther, an unwanted conponent other than a desired
[004dilgnal is removed using a bandpass filter (BPF) (not

1 P FRRS{VER) SEROT SRy “Hie koo k0 SOmYEr el 167
tne DRELOL TB.AD conversion on, L, basehond of 2l ale foureq

1Ny applies a
- ' t f the- di gi b b . S
to BB erghgas g o il gt el begeoend, gy g

resBYP GRS 3 O drh TLEAUENCYo! AGE- stiR082E imation

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 value exceeds a certalin value, a
block selection processing flow for turning off the
despreading 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
despreadiﬁg circuit 18. A description regarding the

transmission data A shown in Fig. 12 will be given



A channel estimation and SNR estimation unit 15
multiplies a preanble received signal after being
subjected to FFT with a known training sequence to
perform channel estinmation and SNR estimation. A
channel estimation and SNR estimati on nmethod itself
is not directly related to the gist of the present
i nvention, and a detailed gﬁsgription thereof is thus
omtted. [0043] In a annel correction circuit
16, channel correction processes such as equalization
processi ng, phase tracking, and residual frequency
heredfifdetercorrecti on are perforned. A channel correction
nmethod itself is not directly related to the gist of
[004tehe present invention, and a detail ed description
thereof is thus omtted. [0044] A despr eadi ng
ciWheuoi & f8rstbpedestiba paddi vednsi gial tder dagrapading
the frequency domain and the tinme domain to )
overyddysr dAEIaGENSYo CeFseisl oL Y e 9§ efiet orporf -hthof1rst
the tinme domain. Fig. 2 schematically shows an
halfi gngy FEICRG detlfr e sreiriRd (&l R HTF i QHitPulg. from
Provi ded that a description regarding the
each OFhhiSyS5H -data A shown in Fig. 12 is given, - 23
- .the data bl ocks Al and A2 are conbi ned and the data
[005Qlocks A3 and A4 are conbi ned, wherein the data
blocks Al and A2 have _heen.spread over, the fre
QR Refor MPE r ARERE SO AR NS Syt Shia ke
dat a..bl ocks A3.and .A4 have en o)
G e P R i (o N BT L B 0e (HFreoRg daca
[ ). pr [ P r
bhmigg%§§%§§%§§ﬁ%i 'S pe? or%%%.&gﬁﬁéggﬁgﬁt?%§5¥ %gd%Y%?
t A2 b d
R AR R G T o e
[opse@nsecutive synbol s) are conbined. Thus, the
despreadi ng process over the time domain is perfoned.
[QQ@%kding 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 enable
signal for starting and terminating the circuit operation of
each of the RF processing unit 12, the AD converter 13, the
FPFT 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



A deinterl eaver 19 perfoluls a deinterleaving process
regarding interleaving performed on the transmtter
side (not shown). Then, a decoder 20 denodul ates the
phase and anplitude of the individual sub-carriers,
and al so decodes the individual sub-carriers from
signal points on the phase space to the origina
signal sequence. The decoder 20 passes the obtai ned
data to an upper |ayer (nhot®shown). [0046] For
exanple, it is specified that a PLOP header portion
of a Phy frame in MB-OFDM conmuni cati on or a payl oad
13, ROl irer afs arRVMEd RN lessoMS s ubjesied 10 is also
frequency domai n spreading and tinme domai n spreadi ng
ternfie@gaiaH esFhak, t BRecCefifiwaitgatdfon canpiovemmensunptdon can
good conmmuni cation - 24 - environnent, a receiver
be Mertdfremsmpreeeenti on and despreadi ng process of a
spread signal although it is possible to performa
[0053dception process with data at one tine, resulting in
power consunption being increased nore than necessary
(#égcr kbeticaboveh. theodrirm of g flpwadeaitvera procedure
according to the present enbodi nent, on the other '
of HeIfPrIHASE FaFles EOMHATD | PRIGRYF 10D 12 | R | Ylgrey!l t owhich
. receive, as enable-control inforpmation, an estimation
is pegdinmmsshtidl ié® iG¢AHe Share est i fd i oh- and SNR
estimation unit 15 to select turning on/off of
[Ooﬁﬁéspreading over the frequency domai n and despreadi ng

over the tine domain. That js, when an estinmated SNR
v 5PGe CEREBEAS o5 COBAEACR PRLENR, HgR ettt 12

rocessing flow for turning.off the despreading is
per e Al F O nR S HHER Sh ot vt PEoM
an on/ of w tching unit l17. By.terpjinating an .
sy dolidsd Tl A prdrecds  SoRkre i hengn vstos

C e duced,. ¥hil. i.g. Shﬁ??
FFT [ ﬁ%]:eérjpn a%le)s't r g.gite u %glgg)ﬁ ]et hcg nc}: espr eca‘@allcitf:d r% tc i%rlcw Cllggj the
i 0 q§ﬂ§t'§§E ivalent gireuitef
nec%%%%: égfectlé% |H% %JI n éaggﬁggngﬁion o?é%%g_%ﬁlg%? ShR
et YL ne i @é%éﬁ“hiﬁ? despreading circuit 18. A

description regarding the transm ssion data A shown

fooddy Fig. 12 will be given

If the SNR isg lower than a predetermined value (No in
step S82), in order to achieve an improvement in the SNR, it
is deterxmined that the despreading process i1s necessary for
all blocks that have been two-dimensionally spread over the
ffequency domain and the time domain, and the degpreading
circuit 18 is turned on (step S6).
[0056]

When the SNR exceeds the predetermined value (Yes in

step 82}, on the other hand, it can be datermined that the

despreading process ig not necessary for all the blocks. In



- 25 - hereinafter. [0049] When a first
selection unit turns off the despreadi ng over the
frequency domain, only a selected one of the first
hal f and second half received data bl ocks is output
from each OFDM synbol . [ 0050] Furt her, when a
second selection unit turns off the despreadi ng over
the tinme domain, only the selected data bl ock of the
OFDM synbol (or the data bfdck despread over the
frequency domain within the OFDM synbol) is output.
[ 0051] According to this configuration, the
thi®perat | on Wwlodwr s ng-ondof f 1dher desphieade AgsPr OCeSSg a
over the frequency domain and the operation of
blodlrfomonnidiofthe hie dedite ash age pe ocesshevepréhd@ing ne
domai n can be independently controlled. [0052]
proddms enabper tomed| omi tlveli ba2ds f of t hechémase Anegnabheion
signal for starting and termi nating the circuit
reswigeral ieacifoRache dplodles R perbeebsding=tapt S12; the
AD converter 13, the FFT 14, and the channe
[00Fdrrection circuit 16. Then, in accordance with the
bl ock sel ection process descri bed above, for a data
bltac iebfier bilsickh SeHe Hest EIRTRE Pr 0eBsE hakt been
teimnated, the operation of a digital processing
G1s@THeiARt R YRRt 420% e RFOBK o@éggu ﬁ@%n?balilzel

t he AD converter 26
guality for which the decodlng process is possible w1thout

despreading is present among a plurality of blocks over
which the same data hag been spreadu. Then, if a block with
high channel quality is present, the despreading circuit 18
is turned off and only one biock ﬁaving high channel quality
isrsubjected to the decoding process in the decoding unit
(step S4). |

fooss]

Further, if a block with high channel quality for which
the decoding process is possible without despreading is not
present, it is subsequeﬁtly discriminated whether or not a
set of blocks for which the decoding process is possible byi
despreading only a predetermined number of blocks smaller
than the totél number of spread blocks is present. In a
case where it is possible to sufficiently improve the SNR by
despreading only some of the blocks, the despreading process
over the freguency domain or time domain can be partially

turned off (step S5).



13, the FFT 14, or the channel correction circuit 16
is also teiininated. Thus, the effects of | ow power
consunption can be further inproved. [0053] Fi g.
4 shows, in the formof a flowhart, a procedure of
performng a reception process of a spread signal,
which is perfornmed in the receiver shown in Fig. 1.
[ 0054] The channel estimation and SNR estimati on
unit 15 performs channel ~e4®i fati on and SNR
estimati on on an OFDM synbol divided into
sub-carriers of a frequency range using FFT (step
[o0os3Y). The enable control circuit 21 checks the
necessity of the despreadi ng process on the basis of
t ierSNReest i faki @B skesticre( Stapns2)gh [tBRESNA fexddeeds the
SNR is |ower than a predetem ned value (No in step
praed@erniimedr derliiey, aichiieyelareimimeayeneith | condedSNR ion of
it is determ ned that the despreadi ng process is
the néeessdr esftamagl doml oeksl t hathdavehdetgspreading process
two-di nensionally spread over the frequency domain
is rewbssReyt ifitg ddnaitdie dnbake dexprieace feeei revwet 18
is turned on (step S6). [0056]

dimensionally spread over the fréquency 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 plurality 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 suffer from different phasing effects. 1In
the block gelection process in step 83, therefore, if at
leagt one block that has high channel quality and that
completely requires no despreading process 1s present, this
block may only be selected. Further; in a case where the
channel quality 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.

(00611

Then, in a time zone in which a block for which the

despreading process has been terminated by block selection

is received, the receiver also terminates the operation of



When the SNR exceeds the predeterm ned value (Yes in
step 52), on the other hand, it can be detem ned that
t he despreadi ng process is not necessary for all the
blocks. In - 27 - this case, a block selection flow
for further selecting a block for which the decodi ng
process .or the spreadi ng process is perforned on the
basis of a channel estimation result of each of the
bl ocks is started (step S3%2 [0057] In this
bl ock sel ection process, first, it is discrimnated
whet her or not a block with high channel quality for
the Wik Chhd 16 dSE0dL 89: 6 068SE 15 BLSEhbl BpWebhfdtter 13 or a
despreading is present anong a plurality of bl ocks
digOVel YhbE8ssheg sarBcdat apbasibreBushr 88dehdherT ik 8r the
bl ock wi th high channel quality is present, the
chafesDr €agh-agt Cof coi +cd Bt i 361 urmeds of fhandt badys o lower
bl ock havi ng high channel quality is subjected to the
powehe casth mgnpt Dee ssan nfiihehdecbdi hgpuaired( Stpr Sdample,
[ 0058] Further, if a block with high channe
witlguedgaydf oo ahi @ADM heywlecbdbdiny phdcksshesdposdibbeprocess
wi t hout despreading is not present, it is
is B@bg@g@é@tM@ddlShelqpﬂaaeuomhefhéheoFFﬁoﬂ4aoseth@fchannel
bl ocks for which the decoding process is possible by
corgechpieadihgceht yla predetckfinédangfberMoredpyetkswith
smal l er than the total nunber of spread bl ocks is
reggpF@sent 2 bh0@kcE§éthﬁ@r€OFtWhécbo§ BbPecpging process or
sufficiently inprove the SNR by despreadi ng only sone
the gegpeepf e sPrPRRSdespr BAB] B@%%@@@sweﬁéﬁ—ﬂt R& OFDM

frequency domain or tine, domain can be gartlal
Sym?%}neah%f?h?§F§% g@yrectlon clircult .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 gpread, the despreading process over the frequency
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 gpreading scheme as shown in Fig. 12,
"if two blocks in an OFDM symbol have good channel estimation
results and the decoding process is possible by subjecting
only thoge blocks to the despreading process to improve the
SNR, a block selection operation in which despreading over

the frequency domain is turned on while despxreading over the



- 28 - [0059] Moreover, in a case where,

al though the SNR exceeds the predeterm ned val ue, it
is deteimned, with consideration of the channe
estimation result, that the despreadi ng process is
necessary for all the blocks that have been

t wo- di nensi onal ly spread over the frequency domain
and the tinme domain, the despreading circuit 18 is
turned on (step S6). [00603C - As shown in Fig. 12,
in a case where the sane data is sent a plurality of
times using a plurality of blocks on a

time WRn@REAS QRahsPacer del giddnedndy. the fHRIUeN@hse, the
domain and the tine donain, due to different bands

operR@iRG b¥ednd ndiwvigual i QukSnrsarf fesrfcomehféerentc can

phasi ng effects. In the block selection process in

be tr@lnS3ed Rer ef aligne idod 1:0ashiane bl ordvt datbdBsSor
hi gh channel quality and that conpletely requires no

whicle shiee adisig pdices piccdgyesintnot hhsrbbookd nhy - patyived,
be selected. Further, in a case where the channe

and GuiajHetry Jicsy -maiweso- dobrgdunieit 1 ole sef Baclt s gcdngetd helptaihed .
anot her block would sufficiently inprove the SNR, the

[o0eddspr eadi ng process nay be perfoinmed using only those
sone bl ocks. [0061] Then, in a tinme zone in
wlinchhe bkbek hemdahiich a h*@&feénﬁ?eéfmjiarfg Isragfe snehazt
been tem nated by bl ock selection is received, the

blodlec dinvan ARV twmbel kaes thed opeamrebnestimat pon_result
t he RF anal og processing unit 12 or the AD converter

and gl od editgi T HFIeRRs | HYy elihe iR b%rifl%ne@a%ﬁt%@ even
the FFT 14 or the channel correction circujt

if ofhs thend ket tin o?h?‘bv%?D%oWFb%n%ﬁ?rp?’iﬂahe%’éﬁd to the
further be | roved or.exa wth regard to
e S RN BTIOTRS it ShLTHe HRLCRs g (roEBed PEchge tlon
or the on, of FFT 14 or.the cha
restiy G cfﬂ? Lo it Er b har s’ ior Bouareie by
. pert¥tdt e%”“d L& °19<l§ &Eéioﬂléﬁrs%éc&fh@% ﬂ%%g”%s
proce "R e rea rocess s not pertorne
tdy 1 %Sgn@%ts SR ENARRCLUEOLE COFDANSGREGH. !
sea can (B;rm nat . ? %3 u B %
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 selection operation in which
despreading over the frequency domain is turned off while
degspreading over the time domain is turned on. In this case,
it is necessary to extract a block tc 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 is not performed is

received within each OFDM gymbol, the operation cof the



In addition, when the despreading process is

termnated for sone of a plurality of blocks over

whi ch the same data has been spread, the despreading

process over the frequency domain is preferentially

performed. Thus, FFTcan be efficiently term nated

Wth regard to a spread signal over the tine donmain

for which despreading is not perforned, and the

| ow- power - consunpti on effetts-can be inproved. [0063]

In the case of the spreading schene as shown in Fig.

12, if two blocks in an OFDM synbol have good
charGRANNG) - Rstd i i asulds, and ddendenadi ng process

I's possible by subjecting only those bl ocks to the
[00edgspreadi ng process to inprove the SNR, a bl ock

sel ection operation in which despreadi ng over the

f regueBCcyndaBRI An Sheuraed @F shiflewdespteadi RV c

the - 30 - tinme domain is turned off is perforned.
prodefisucvfa oCasieycl e lepariain grefedhe wElclans tdearted

channel correction circuit can be termnated in a
wher ithe 2Nk dih aMvegte jiaredORDM s/t Fare mhiledn tane

despreadi ng process is not perfoLnmed is received, and
predstghariraghvveower - consunpti on effects can be obtai ned.

[ 0064] On the other hand, in a case where at
[00dédast one of blocks in an OFDM synbol has a bad
channel estimation result and sufficient inprovenent

i WheRe tBRROLOCoBedrpédoad RanstieSS shanfst-hd Bisdokst b nts
~ that  OFDM synbol are subjected to the despreadi ng
disqrrigrgesed Higdehar dpta THaker REfivmtd orPeeRed t
indicating that, the decodin groces i S_possi bl e bg )
e“%@&%ﬁ?@%ﬂr%%?%d@%% rCRE (e Bt PepCess 18

‘bl.ocks i s searched for, up to a subsequent FEFET-out put
POSTHAYT SYHHTIC Ferer TP bI T e SATTs (Ioed (h &oks

.__.channel esti i on res re subjected t e

inc TRl Sy rbcoe Berih FriHel CEORrRyPbbS and

[00dYe then subjected to the decodi ng process. This
chresponds to a bl ock selection operation in which

e ESDHITG, Gust TR 1] M o i ne o

eddi'ng over the tine

symid [ S &858 dhed e NOGLSSEH Va l neXhE ACLs B RAOEKNT Pesult
be used for despreading fromthe respecti ve OFDM

ind HRA schathUshe FRE LRNGOt o B8- £ 8191 8% edxcEBNRME a ERrst
atine zone in which a block. for which the

thr&asPreasi Nge PFoCesSgisatior peahobuedgiislrecehved

wi t hi n each OFDM synbol, the operation of the
predetermined value M, it can be determined whether or not
the decoding process is possible without despreading.
[oces]

Then, if a block having a good channel estimation

result is present in the FFT-output OFDM symbol (Yes in step
811}, the despreading process is terminated and only this

block is subjected to the decoding process (step 812).

Performing a decoding process on only one block means that



- 31 - channel correction circuit can be term nated.

[ 0065] Fig. 5 shows, in the foLmof a flowhart,
a specific procedure of a block sel ection process,
which is started when the SNR of a received signal is
| ower than a predetelLnm ned val ue. [0066] When
the bl ock sel ection process starts, first, it is

di scri m nated whether or not a block having a channe
estimation result indicati#g that the decoding
process is possible wthout despreading is present
anong bl ocks included in an FFT-out put OFDM synbol

" the (RI8R-BHng [QGHsses okF wxaPtiee fRdqeachy beskin and
~in an FFT-output OFDM synbol, based on whether or not

timed dhainelaestddmtiitdesult indicates that the ratio

of sub-carriers exceeding a first threshold value P1
[o0ods greater than or equal to a predeterm ned value M

it can be determ ned whether or not the decoding

pIroge &saimp lRQs dinbke cuisteholite e SIFIBadivghols F1 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 ratic of sub—carriérs
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 ig possible without despreading.
Fig. 7 shows an example of the operation of the enable
control circuit 21 in this case. Only ﬁhe block Al is
subjected £o a reception proéess while it is not necessary
to receive other blocks A2 to A4. Thus, the enable control
circuit 21 is only required to enable the FFT 14 only in a
time 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 Al in this FFT output is.
received.
[0070]

If a block for which the decoding process is possible

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

whether or not a channel estimation result indicating that

the decoding process ig possible by despreading each of the



[0068] Then, if a block having a good channe
estimation result is present in the FFT-output OFDM
synbol (Yes in step Sl11), the despreading process is
temnated and only this block is subjected to the
decodi ng process (step S12). Perform ng a decoding

process on only one block nmeans that - 32 - the
despreadi ng processes over both the frequency domain
and time domain are terri fated. [0069] For

exanple, in a case where OFDM synbols FI and F2 over
which data A is transmtted have channel estimtion

blockesht $has oFheWRvinbofi Basbbeleh @addadaledAl (stapclsamel
estimation result indicates that the ratio of

[oo73gb-carriers exceeding the first threshold value P1
is greater than or equal to the predeterm ned value M
apgdri éxgapléhusnbe tapadwhbat theldeeddicrgopfr bdesksi ¢ach
possi bl e without despreading. Fig. 7 shows an exanple

for ehithe thperattiion odf stulve cemaliles st amaesidigia Guige@ng n
this case. Only the block Al is subjected to a

thresbodpt ived usr #eshakhiilse lioweirs thaan fdeedsiast ttdireshold
receive other blocks A2 to A4. Thus, the enable

valueoitlr dls gineadier Xhans cgnlegiedqiia dd'e Prafgfietinedprlue
14 only in a time zone in which the gne OFDM synhol

M arf preseddeiivedhgnd TH-soHRe e I TP Chantfe|c3n P
correction circuit 16 only in a tine zone,.i w%%ch 1v th

detemdnsdodlall GHe ROHEPE RRARST oL GRS (o Fg1LY 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 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
§14). This corresponds to a block selection operation in
which despreading over the freguency domain is turned on

while despreading over the time domain is turned off. In
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.
[00723]
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



If a block for which the decodi ng process is possible
W t hout despreading is not present in the FFT-out put
OFDM synbol (No in step S11), subsequently, it is
di scri m nated whether or not a channel estimation
result indicating that the decoding process is
possi bl e by despreadi ng each of the - 33 - blocks in
the OFDM synbol has been obtained (step S13). [0071]
For exanple, in a case whePé a plurality of blocks
each for which the ratio of sub-carriers exceeding a
~second threshold value P2 that is |ower than the
decddd$twithieshobsl Vol desfleds . gneateret Nah®rcigguad1 t o
the predeterm ned value Mare present in the .
est foelt bt prid s OFEM sy ntigbse i bl 68Rsbéndetet i srdtt bak kheio
decodi ng process is possible if only the bl ocks
of swvih-hiarthats CEDMeyihol the sabpadt edrtohbhd value P2 is
despreadi ng process to achieve an i nprovenent in SNR
gred iy 2ihan or Tdemal i fotblee deredengrpinedssailsepdssableit
by only perform ng the despreadi ng process within an
can OHRDM sysrbbbynd hehdt ochs @echdhnghrroCEBM $gnbobsabée by
subj ected to the despreadi ng process and then to the
onlyleeediprfiprdcees {esrpeadung FhPsessr vespoRdsheoOEDM
bl ock sel ection operation in which despreadi ng over
symple ¥k eqdeitty dEhaWE i3 el orrhniie desprieber gt the
over the time donmain is turned off. In such a case,
enakyq FeRyaPH Fb-an OFbM 3ynbBEST 6RSGhi Prthethe one OFDM
readi ng process_is not perforned, the operation

d 1.
Sleb‘?ef%)hpel FET 3 $hee nanin’dl IQSFPE&PPoHrEF?EEi phedp pE 1S
o SEEBLE, LTSl e TOluialen 19 2 s58, VhLe

transmtted have ¢ el estimation.results as,sho
ena?iFF$ggt%?fac%¥%% Eg?fo%s n%gnﬁggu6gea_t§4epabie W%e FFT

i4 and the channel correction circuit 16 only in a time zone
in which the one OFDM symbol F1 is received.
[0074]

Further, in a case where at least one of the blocks in
the FFT-ocutput 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 (No in step S13), 1t is checked
whether or not & block having a c¢hannel estimation result
indicating that the-decoding process is possible by
performing despreading together with some other blocks is
present up to a subsequently FFT-output OFDM symbol (step
S15) . Specifically, in a subsequent OFDM symbol over which

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



decoded wi t hout being despread. However, the channe
estimation results of those bl ocks indicate that the
rati o of sub-carriers exceeding the second threshold
value P2 is greater than or equal to the
predeterm ned value M and it can thus be found that
t he decodi ng process is possible by only performng
t he despreadi ng process within the OFDM synbol Fl .
Fig. 9 shows an exanpl e of33 he operation of the
enabl e control circuit 21 in this case. Only the one
- OFDM synbol s FI is subjected to a reception process
whichhihe khths Bet sHECessakrio xReRidiad O ddsnaTbol
F2. Thus, the enable control circuit 21 is only
thret@aUbr ed1be enablke girle chkT thhrand thpchamnelhe
correction circuit 16 only in a tine zone in which
predefie ronac@FPi synboli sFledng ineeei ved. [0074]
Further, in a case where at |east one of the bl ocks
[oo7BA the FFT-output OFDM synbol has a bad channe
estimation result and sufficient inprovenent in the
SNR=ns intaexpeet edeewen biloghl pathe ftiogk $hien chizame L
OFDM synbol are subjected to the despreadi ng process
estifilgion seepl8l3), siucdes sdhwddkedEamist Her hre nbtfferent
bl ock having a channel estimation result indicating
OFDM lsambrie (Fesodbngteto&dss (i Prplas dilitse BA P8EF AL’ ng
despreading together with sone other_bl ocks is
subjgeéeentou ﬁs%@o dg sPISSEHIeh HBP R AP ERNIIEDN s§ibol
(step S15). Specifically, in a subsequent OFDNIs¥pboI
decoghigl WEPERSEhd s§&Fe ddt'a hasiFesprepresgdst ke & block
presence of a block for - 35 - which the ratio_of
selegig.ofa PPPERS 18% e 44"y T ST 37T d-al Tresgrency

i.s greater than or .equal_to the.predeterni.ned value M.
Gomaiia: denfiEmed PO 1 SSSHRAINY o (ase Whet £ Gomain

: bl oc ati i .the channel .estimation. r I i
i CiRREs Sl | DO CASEne Lo AroFErE et S It
j t ‘S , | i
o1odgh SR o S0L SRS RLARY SRR SADLEEL S L e
symdEP PREL. #B .Sc%ﬂ Lespands Itrrﬂrf?:’tt@dJ.CkW?,%hege P43 to a
operation in i C espreadi ng over the frequency

bLocdkOMRY:N Wi dHHRA Rdphld & SlesRb&adh Ngs ONGE pherbiAEg,

domain is turned on.” In this tase, it is necessary to
howesld e Ehl s didbe tsat fohagespresst-agrfeamiheuit can
respecti ve OFDM synbol s. Thus, FFT cannot be
be demiiat-ed. Wth regard to a block for which the
despreadi ng process is not perforned, however, the
[oo7aeration of the channel correction circuit can be
term nated. [0076] For exanple, in a case where
OFbl syabele , Finasd cBZeowere i @HDMatanbolis F1 and F2
transm tted have channel estimation results as shown
oven wiBiqgh di3a trhel <ORDMrsymbot ed FhawadcFngahnestbhbeation
decoded even if only the blocks within the synbol s
resuites desplead: Hovigher , 1@ heCloha@ReY eymbadsi 6 peduFEs
of blocks Al and A3 included in the respective
cannghtit saqniiechte athatl toely athe biosks- vaekier §he symbols

exceedi ng the second , _
are despread. However, the channel estimation results of

blocks Al and A3 included in the respective symbols indicate

that the ratio of sub-carriers exceeding the second



- 36 - threshold value P2 is greater than or equal to
the predeterm ned value M and it can thus .be found
that the decodi ng process is possible by despreading
t hose bl ocks over the OFDM synbols. Fig. 11 shows an
exanpl e of the operation of the enable contro
circuit 21 in this case. Since it is necessary to
perfo/ma reception process on both the OFDM synbol s
FI and F2, the enable cont®®l -circuit 21 continuously
enabl es the FFT 14. Wthin the respective synbols,
however, it is only required to enable the channe
thresNCHQMLIFL U gﬁeao&w fihd & "Eadonecd i ch
t he bl ocks Al and are received. [00771
predatidhiifhed Rrdife R 0Ckn$ el eCtd @Mt hihOVhe | Fodnd ageaheie
a bl ock having a channel estimation result indicating
decddidly tHidrdeald 0 HIpSDIICRE e Se SxeCeding thess asDucks
threshold value P2 is greater than or equal to the
overpregeiompy negnbvdl eie Micannal dhewextaracixathpiid kifn the
bl ock or between bl ocks (No in step 515), it is
opergatiemrmate didhatndiibe despreati agrondcess is DRCesSSass .
for all the bl ocks that have been two-di nensionally
Sincsprigad sovercddmafy eguareyt cone: nrandpt bent precdssadm, both
The despreading circuit 18 is not term nated, and the
the QT esyodntks|FLiaedif2 2itkomiabbastynierabl esrewet 21
FFT 14 and the channel correction circuit 16 for al
contrimuaqushy (shapl sl 7hhe [BOT g4 . - WBithin the masRaftigis,
in a case where the SNR of a received signal is
synlytleat drOMHERT or i eqhal ORbY a-pReHEEer P neB AR uBhe gthamnel
bl ock to be received is sel ected based on a channe
corgedhint i O St uel © APRIYsER eBt BYTBI BERS| $0nBRICh the
recei ved, _whereby a receiying circuit. can be
blo%%ﬁﬁﬁ%u%ﬂﬁi%ﬁaa¥¥nﬁe%%h%e%f t hat bl ock. Moreover
[oo%ﬂfs term nation allows the circuits before
despreading to be term nated. As descri bed above, the
enabl.e cont.rol, .cir.cuj only. reguire
t gﬁlﬁﬁ Nat e a nditg:rfef akfcﬂ!@:‘%]? %]tr@%tugé afsP e %IIT;T; 1%&%? ‘f'kh%re a
orr c ar L cu
oLo Gl A g L FARARL CLE A 1 FpofcorApRga eS| thar the

rat fOWErL Q5 d3,-1- 8- 8LS0xLELAI NGt Bfle BebHhlihehrE8HUEHI QB1ue

I n power consunption can be~achi eved.
P2 is greater than or egual to the predetermined value M

cannot be extracted within a block or between blocks (No in
step S15), it is determined that the despreading process is
necessary for all the blocks that rhave 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-continu0usly enables the FFT
14 and the channel correction circuit 16 for all the time
(step S17).

- [oo78]



I ndustrial Applicability [00791 The present
i nvention has been described in detail wth reference
to a specific enbodi ment thereof. However, it is
obvi ous that nodifications or alterations can be nmade
to the enbodi nent by persons skilled in the art
W t hout departing fromthe gist of the present
i nvention. [0080] In this description, an
enbodi ment in which the pr¥&sent invention is applied
to an MB- OFDM communi cati on schenme for performng
OFDM_UMB conmmruni cation has been primarily descri bed.
HRWRYEH: nk D¢, Ot 8t 50babheyRE@ECRhel BYRNLIFOR kBceivdB -
not to be limted thereto. Even in a conmunication
sigra¥stiemgtiat cpehen®ra cepieadi G prrecRsSeveie®itdiale, a
" the frequency domain or the tine domain or a
b1 o ckO AL BieC aticen vass tiemddlaic tet frerdwl ardat aclspisedi ng
process over any other domain, with the application
estighttibhe paesent Anventebactedr bleickerdswaoicd redaptviede| v
teirinate a despreadi ng process or the operation of a
whereggeiaviregedivioy tciomutite deasilse dfemniBNROricmnnghe zone
estimation result to achieve a reduction in power
of theurrsiniptdkon Mereodeng tbia temmimiatcdtinoa ldeyisr dieent .

. [0081] In summary, the present invention has
cirdyddgrs diefolresd¢sprapide it die ileuminaisde &tadsiseyibed
and is not to be construed as limting the contents
abovsf, ttfies sgaddei FOrdol wigiaert (D deberdi-he RRergatred to

of the present invention, the description of the
termdingties as Kgdlid e HABH & MrhGdUrte FFT 14 or the

channel correction circuit 16. If an anzlog circuit such as
the RF processing circuit 12 or the AD converter 13 is also
terminated, a further reduction in power consumption can be
aqhievéd.

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 alterations can be made to the
embodiment by persons skilled in the art without departing
from the gist of the present invention.

[o080]

In this 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



- 39 - CLAIMS 1. Awreless communication apparatus
that perforns a reception process of a transm ssion
signal in which data to be sent was spread into a
plurality of blocks over .a frequency domain or a tine
domai n, characterized by conpri sing: a reception
processing unit that perforns a reception process of
a spread signal; a channel estinmation and SNR
estimation unit that perfot®s channel estimation and
SNR estimation of a received signal; a '
despreading unit that perfoins despreadi ng of the
not keC®eVedmiic@l@lhereto. ardeaodhng BBkiwhhaktpehf 8yBBem
a decodi ng process of the received signal which has
thatP3e5ed rinkr auahiheiidrs phreadisig diid eidibr the Rrequency
control unit that controls operation of the
domades preatiend imal doakd i R r-e cepinion qaitaces Syrg- dmithaon
t he basis of channel estimation and SNR estimation
perficasid S data2 spiee dsiree lpas|: et 1C a&triyo o tdppardrnssi i,
according to Caiml, characterized in that the
withe doiter @lppldichtdetrelofi nédss heseh o iSNR est i iorer
‘ result, whether or not a despreadi ng process of the
woulde egiapdd veilgn dledminsdin g tdesniesstiowtipRpasss g the
necessary, and
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.
[ooB81]

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,descriptioa.- In
order to determine the gist of the present invention, the

description of the claims should be taken into account.



when it is deteLinined that the despreadi ng process

is - 40 - not necessary for all of the blocks, the

control unit selects a block for which the decodi ng

process or the despreading process is perfolLled on

the basis of a channel estimation result of each of

t he bl ocks. 3. The wirel ess conmuni cati on

apparatus according to Claim1l, characterized in that

the control unit discrinnafes whether or not a bl ock.

havi ng a channel estimation result indicating that

t he decodi ng process is possible w thout despreadi ng

is present anmong a pluratifywaf bl ocks over which the

sanme data has been spread, and, when the block is

1.Preseite1dhs SORLNAL cHPLENt gpBhPatas thetdpspreaaisng

process in the despreading unit and then causes only
recdgte B ¢toddshasupjeatamhioidhe degedi nOn prELEsSIdba to

the decoding unit. 4. The w rel ess comuni cation
be spRaraidlS@ReR] dimg to Qadan Bry chiretd ek s zedet nat hat

the transm ssion signal has been OFDM nodul at ed, and
fredursicgomianelirurt et eraridesy it preiesacdciodr i hed bbpcks

after being OFDW denodul ated, based on whether or not
comperichiangrel estimation result indicates the nunber (or

the ratio) of sub-carriers exceeding a first

t br zshebd ival pedcesgrhiedt emnitthdihady mepfadrms & reception

predetelLliLined val ue, whether or not the decoding
progesgeeds & syl gt hout despreadi ng. 5. The

W rel ess conmuni cation apparatus according to Caim

32 EhanagtleSisEa@aty- arhad EPFEE Iy ivRy fa that

channel estimation result indicating, that the )
perﬁﬁggﬁ“qﬁfqﬂ§kmgﬁ;}@gt;oqjand SHR esfimation 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 egtimation 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
procesgs of the received signal by using the despreading unit
is necessary, and

when it is determined that the despreading process is



possi bl e wit hout despreading is not present, the
control unit discrimnates whether or not a bl ock
havi ng a channel estimation result indicating that

t he decodi ng process is possible by performng
despreadi ng together with sone other blocks is
present, and, when the block is present, the contro
unit causes the decoding process in the decoding unit
to be perforned after subj€€ting only the sone bl ocks
to the despreadi ng process. 6. The wirel ess

communi cati on apparatus according to C aimb5,

-not g:!{@é@&l,@f zed-im i hat the t130881 sshon-shgpsl hast

een OF nodul at ed, and t he control unit

se1&¢d actis1 Sores b ogkscrh oFnahheBod g NYPbeE s £ 06t BRe

rati o) of sub-carriers exceeding a second threshold

desprddi@i A rdSed OWes pdarothedf bhstnéhpeshel drval yBahsel
greater than or equal to the predeterm ned val ue from

est BNHn heePhi ad f taach bf ocks bbowksch the sane data
has been spread, and causes the decodi ng process in

3.t hehdewodehgsantcbmhanbeapenho appd rafttier asubjrediigngo Claim

only the sonme bl ocks to the despreadi ng process. 7.

1, dimeravretEssd commuimcathoncapparat usiacdbedirigihates
Caim 6, characterized in that the data to be sent

whe thasr beemapradol ovierhahend reqoeagyedogak himahdonhgesult
time domain, and in a case where onl{ sone of

indi¢rt rardiat ytid @eoeRsngverowhsehishecsarbldarvathagt
been spread are despread, the_ control unit

despreddient 1 al PYepRRE R8Ny e HeYpréalYngipPbeeks ovex?

_-_over the frequency domain. ‘ )
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 aécording to Claim
3, characterized in that the transmission signal has been
OFDM-modulated, and

the control unit 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 exceeding a first threshold value is
greater than or egual to a predetermined value, whether or
not the decoding process is possible without despreading.

5. The wireless communication apparatus according to Claim
3, characterized in that when a block having a channel

estimation result indicating that the decoding process is



8. The wirel ess conmuni cati on apparatus according to
Claim7, characterized in that one OFDM synbol is-
fomed of a plurality of blocks, and spreadi ng over
"~ the frequency domai n has been perforned by

transmtting the sane data using all the bl ocks
within the OFDM synbol while spreading over the tine
domai n has been perfoned by transmtting the sane
data using two or nore OFDMisynbol s, t he
control unit discrimnates whether or not each bl ock
w thin an OFDM synbol has a channel estimtion result

posdipdid C%tﬁl&u;;esp sg% | N9 REOCESSsdrs: PASSL bé&n!%l

perform ng ng toget her wwth another bl ock

unzﬂ“dﬂ@d}ﬂﬂl R[AE ARy SAdhot a bIED B-PIME & i dya el

| ocks each having the channel estimation result are

estﬁ{a%i@ﬂi AddidiRe 1SR =4T0| thd e O @ Ui toESHSeS i
t he decodi ng process in the decoding unit to be

possA®fOidy krd vl W Betd N hd ec by Otk i i tesSm@Eother
synbol to the despreadi ng process. 9. The wirel ess

bl ockenmig ipaaidearn appat atuiseracaos dbhock ol C@preadnt, the
characterized in that the reception processing unit

contirndl utes amuEeE tdist M denootbed s ithethecdeveding

~signal, and a channel correction circuit, and

unitt e dentoeoifamiad tegriemat ws] opetad | onlofthdes®RT hocks
channel correction circuit with regard to an OFDM

to tdynisslsdrsadaicc pudwesiespr eadi ng process is not

per f or med.
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 wvalue that is. lower than the first threshold value
is greater than or egual to the predetermined value from
among the piﬁrality 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 despreading process.

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

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

control unit preferentially performs the despreading process



- 43 - 10. The w rel ess communi cati on appar at us
according to Caim8, characterized in that, when a
plurality of blocks each having the channe
estimation result are not present in one OFDM synbol,
the control unit extracts a block having a channe
estimation result indicating that the decodi ng
process i s possible by perform ng despreading
together with some other-btdcks within a plurality of
OFDM synbol s over which the sanme data as data of the
one OFDM synbol has been spread, and causes the
overdeaRAi MG RIOEES Hdnhithe decoding unit to be perfolned
after subjecting the block satisfying the channe
g . eSthaBli 81 £€8 Uk bmbeniher fespapadi-agubr 86e68ding td. Claim
The wi rel ess comruni cati on apparatus according to
7, dHatdutkd:iadhmriactgldtz ethd mriatsiteoT eceptoaned of a
processing unit includes an FFT that OFDM denodul at es
plurdia theedl keb@ighalnd apdeadhannetecothectiremency domain
circuit, and the control unit term nates
has dperatpeart afmndd éowc hammenicorimgtilon sameudatai thing all
regard to a block for which the despreadi ng process
the ikslawits pertfloimmgthe OFDM symiba el wiskle ospieidbny opver the
method for performng a reception process of a
time rcosriits Siah heteyhate o mue E HoY af s 9 blel sefit th@ssame data
~spread into a plurality of blocks over a frequency
usirgbrigih @7 2PXS REO MO ldhar act eri zed by conpri si ng
a reception _processing step of performng a reception

plteCe §&NG A élﬁlrléaah@icg"ﬁanl;natesgmhether oF diRinf@ch
_ estimation and SNR estimation step of_ performn
bLOGR AFidl B SHR b PP INIE St | FATFBTL OF * 5L PREE P elesult
indf%é¥E%§ 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 channeil

estimation fesult 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 éamé
gymbol 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 signal,
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.



a determ nation step of determ ning, based on an SNR
estimation result, whether or not a despreading
process of the received signhal is necessary; a
bl ock sel ection step of selecting, when it is
detel mi ned that the despreadi ng process is not
necessary for all the blocks, a block for which the
decodi ng process or the despreadi ng process is

perfoi ned on the basis of 4>channel estimation result
of each of the bl ocks; a despreadi ng processing
step of perform ng despreading on the bl ock sel ected

10t 0 B& spPiecd el Lonhhe: despssadbparREesesscodding to

a decodi ng step of decoding a signal of a block that

claibs sSeleated ted-ibas uli egtad twnhdhes derot g Prof estocks
W t hout despreading or a signal obtained after a

eachPhralng yref dn06ks thatinarel sel eed et torbenslespressht in
have been despread.

one OFDM symbol, the control unit extracts a block having a
channel estimation result indicating that the decoding
process is 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
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 circuit 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 which data to
be sent was spread into a plurality of blocks over a
frequency domain or a time domain, characterized by
comprising:

a reception processing step of performing a reception

process of a spread signal;
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a charmel estimation and SNR estimation step of
performing channel estimation and SNR estimatioﬁ of a
received signal;

a determination step of determining, based on an SNR
estimation result, whethexr or not a despreading process of
the received sgignal 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 despreading process is performed on the basis of a
channel estimation result of each of the blocks;

ardespreading 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.



