Title of the Invention RADI O COMVUNI CATI ON APPARATUS
Techni cal Field [0001] The present invention rel ates
to.a radi o comruni cati on apparatus for transmtting
and receiving nmultiband radio signals and nore
particularly to a radio conmuni cati on apparatus for
transmtting and receiving nultiband OFDM signal s
whose center frequency hops at a specified band
interval. [0002] In nore detail, the present invention
Tekdé esf tithea Ihadh@iokOnmTuNi cati on apparatus accordi ng
to the OFDM UWB communi cation system for changi ng
frequencies in a broad band and nore particularly to
a radi o comuni_cation apparatus according to the

OFDM OWB commuRfEaY | SR CAML BE s BBPARAEUSe

Low I nternedi ate Frequency (Low I F) architecture. _
Background Art [0003] A special attention is paid to

the radicfntdN t#ah frees users fromthe wired LAN
architecture. The radio LAN can elimnate npbst cabl es

{ooey ki ng spaces such as offices, making it possible
to relatively easily nove conmuni cation termnals

such dbepersmrd] icvapuier selREek. tbna recdnt cyeans,cation
there is - 1 an increasing demand for wireless LAN
WRATEHRIS ACACERMRIHNEE1ngi fAL Refeiving sudsdbardomskiong
speeds an reducedipri es . . ,
sighals and more particularly to a radio communication
apparatus for transmitting and receiving multiband OFDM
signals whose center frequency hops at a specified band
interval.

[0002]

In more detail, the present invention relates to a radio
communication apparatus according to the OFDM_UWB
communication system for changing frequencies in a broad band
and more particularly to a radio communication apparatus

according to the OFDM UWB communication system based on the

Low—-Intermediate Frequency (Low-IF} architecture.

Background Art
[0003]

A special attention is paid to the radio LAN that frees
users from the wired LAN architecture. The radio LAN can
eliminate most cables in working siaaces such as offices, making
it possible to relatively easily move communication terminals

such as personal computers (PCs). 1In recent years, there is




‘Today, especially, introduction of a personal area
network (PAN) istaken into consideration for the sake
of information conmunication by constituting a
smal |l -scale wirel ess network between a plurality of

el ectroni c devices around a person. For exanple,
there are provided different wirel ess communi cation
systens using frequency bands such as 2.4 GHz and 5
GHz bands that need not be |icensed by governing
hagahceradiog titesnd {d0GAlreToesr BN Gsyrafend! Kn accordance
performance is dramatically increased while the
Wh?%g?famroﬁngﬁaamr@pwung apeecdsprol eddhoed iStices.

g hnol ogi Eadlo net wor ks are used worl dw de and

?é %e.‘”ﬁg’ %Fé ar’o‘?"z‘é’diucl‘jllPEegf of Reame@aEAﬂrea network
u bee ced as_| ow as

- OBRY ALRER U A L SUCE PO IS el Pl

Bttmir ate@dnt oy %@é%ﬂ&heﬂﬁ& & QRY Lo w;}%&g s et
di versely intended for connection W ih peripherals In
hettaddn & plutreahsyriofse Dit toforllicOle BiUald &¥oid8peiltsh a%r
streans between hone information appliances in a
RRde, bhere lkael PrevidaDOB LTypht atirstlasdacasmunication
concernlnf%radlo networks include |EEE (The Institute

Of° EECHP T RAITTEAHCEF R RIS EYCEMRf Redr Sz @@9 ilGHz bands

g e tent unent per
T e B A B BN o ing aREE A it
Bogatjoot h  communi cation. The | EEE802. 11 standard is
further classified into various radio conmunication
syst eTise sdalho aﬁethEEﬁgQ@rﬁéhﬁnarﬂc%E@era%lﬁncéﬁﬂy tihR delak84
dependi ng on radi o comruni cati on systens and
whyidgubhe yili@gdstion bendise@rgy saving are improved for LSI

technologies. Radio networks are used worldwide and are being
standardized. Prices of radio LAN apparatuses have been
reduced approximately as low as computer peripherals. The use
of radio networks is not limited to conventional computer
networks, but is diversely intended for connection with
peripherals in an office, transmission of high-quality video
such as streams between home information appliances in a house,
and the like.
[0005]

Typical standards concerning radio networks include IEEE
(The Institute of Electrical and Electronics Engineers} 802.11
(e.g., see non-patent document 1), HiperLAN/2 (e.g., see
non-patent document 2 or 3), IEEE802.15.3, and Bluetooth
communication. The IEEE802.11 standard is furthér classified

into various radio communication systems such as IEEE802.114&,




[00061 In recent years, special attention is paid to
the "Utra-Wdeband (UAB) communication," i.e., as a
radio conmuni cation systemto realize the short-range
ultra-fast transmssion and is expected to be in
practical use (e.g., see non-patent docunment 4) . The
UVB conmuni cation perforns radi o conmunication by
using ultra-short pul se shorter than one nanosecond
to carry information without using carriers in a very
VIEBB802 euencindband. 1Pk e saidnii nh0bn X281 & orkBEESS2: on
15.3 is under exam nation of the systemfor
EVARSRS tanchd ragmekey - sandrctuor &d datd. cont ai ni ng
Eﬁﬁﬁg?les as an access control systemfor the

wi deband commruni cati on. [00071 In the future,

_VWPAN (¥y%gles Personal Access Netwo such as UWB

for short-range’ TOMURPESET a?%?@ﬁﬁﬂ§o§édpﬁbdkﬁ9 the
"beerDaraiefointoud] | il 2RPLbANCES and GE (Consyer
o-

El ectronics) devices. It 1§ expecte T &4l fze®

tommanicesiion BeLReRN ClYEECEHOT sONE NELWOLKS Alrast
speeds over 100 Mops. When m | linmeter wavé bands are

Wi sgden, and iissexpossidte Heoiprmddtd cahotide r@ange, see
radi o communi cati ons at speeds over 1 Cbps. It is
Ry é’aﬁ(%%:l Preunent ik i ZbeuPWB soaynicehben pearfigemPANdio

e_Area NetworKk) including storage devices and
‘fcﬁg“ mcatlf’ﬁo’&%l W@L UL R oS ARt Mt S S t8oE bR% Bt ede

ﬁrﬁ}gtﬁﬁrcgnlgngé'aﬁgrr e\%;inggg}ﬁEEgg{mvplIth%ecr %stllglgr gazi:fc’lears in a
very wide frequency band. Presently, for example, TEEE802.15.3
is under examination of the system for transmitting
packet-structured data containing preambles as an access
control system for the ultra-wideband communication.

[0007]

In the future, WPAN (Wireless Personal Access Network)
such as UWB for short-range communication is supposed to be
incorporated into all home appliances and CE ({Consumer
Electronics) devices. It is expected to realize P-to-P
transmission between CE devices or home networks at speeds over
100 Mbps. When millimeter wave bands are widely used, it is
possible to provide short-range radio communications at speeds
over 1 Gbps. It is also possible to realize ultra-fast
short-range DAN (Device Area Network) including storage
devices and the like.

[0008]

When radio networks are constructed under a working




mul ti pl e networks may be constructed to overlap with
each other. The radio network using one channel has
no corrective neasures when another systeminterrupts
the conmuni cation or an interference degrades the
comuni cation quality. [0009] To solve this problem
the nmul ti-channel communication systemis used to
previously provide multiple comunication channels.
An interference may degrade the communication quality

vhedr aMehs Y8 @k NtL b MRS S GRATHHLAOMN A room,
the nunber of participating stations increases to
hedviphwneakbok@mneg Hencodher Manedd tdosdehagaseh ddchi Sther.
gossibLe to select a comunication channel to start

herradienas twainvaling saewshdnnedphaaticonsy regid ieend s zeres
coexi stence wth the other networks. [0010] For

BRI T e SHTF BT - BHATTEP te o FRRINF SHIYTBIT by e et | 20
i i gh- d radio PAN system i
B e bR P R SRR D PN RIANET, D o

psendided multiple frequency channels avail able for
the system According to the algorithm used, a radio
- commumo cadlwn thhéwi peobVIEN thel REeUt DFehS6RNS chfthunBddtion

avai | abl e channels. The radi o comuni cati on device
peEdeTeds uspiconarradondilpapoevidRNGulakigleonbimmursication
ether or_not there is a device transmtting a

Ssi ghll 1R rPilfeeprei ry yledurde fthei gommunication
TN EReIR B 8L T Bl DA TSP 00E o 5 B
Lol Bheparéicipating stations increases to leave no
allowance in the band. In such case, it is possible to select
a communication channel to start operations, maintain network
operations, and realize coexistence with the other networks.
[0010]

For example, the multi-channel communication system is
also used in the high-speed radio PAN system in compliance with
IEEE802.15.3. That is, there are provided multiple frequency
channels available for the system. According to the algorithm
used, a radio communication device, when turned on, scans for
all available channels. The radio communication device becomes
a piconet coordinator (PNC) and confirms whether or not there
is a device transmitting a beacon signal in the vicinity. The
radio communication device selects a frequency channel to be
used.

[0011]

Constructing a radio network in a room forms the




mul ti-path environnment where a receiver receives a

| ayer of a direct wave and nultiple reflected and

del ayed waves. The nulti-path environnent generates a
delay distortion (or frequency selective fading) to
cause a comuni cation error. Further, an inter-synbol
interference results fromthe delay distortion

[0012] WMmj or counterneasures agai nst the del ay
distortion may include the nulti-carrier transm ssion
spdténpalthenvimbhmecanmhicte & NARSAVESI L SY&LEM layer of a
transmts transm ssion data by distributing it to

H&F?FEI%ﬁYﬁu@ﬁdem§lﬁanl¢mraﬁﬂﬂd§ﬁdnandfd&iﬂgﬂd:meSesEacThe
rQV|ded with a narrow band, making it

i.S
Git% FLGtaee B EobiippbedonarBerest 4o oty e trreagents:
mggg [ For exa t he
Ortaﬁ%%%lﬁaleagf ggﬁ%ngy ][51% 3’ oﬁ‘m%%lfll %ﬂng%nﬁgftgggt%mor
eaewérmlnt En€&FLd @bl §H§Q]:§éfé}ﬂce 2ESLPOP fr%%“fchguéeefay
a frequency of each carrier so that carri
‘désoret i@mt.nhogonal to each other in a synbol region.
During information transm ssion, the system converts
£eP1al1y transnitted information into parallel
inforpation at a synbol frequency [ower than the

i nf or %?BrFCHn&ﬁmﬁéé%%s ragaensthihe gedondabrotot @s my
ut data to each carri er,

o ieces aof o
wéglﬁgtgéet %ﬁ%ﬁn)arrlﬁg gﬁ%“??&?ﬁﬂﬂﬁséYFB?meac?Pe
Mﬂﬂ%ﬁrrl@f“%r@ﬁ%ﬁ@gﬁoﬁ %%sltEMq_fr%% REL for, Lh es n data
carriers. hi's manner e dyerem S misPrdSPRg

h,}ardﬂselrsbutlim; sitgnal audke getcl,‘@rz_tl'e[f% h@?ﬂﬁ b&'lf erent

mai nt ai ni ng the orthogona ity of each carrfer a ong
ffpguencies. Each carrier is provided with a narrow band,
making it difficult to be subject to effects of the frequency
selective fading.

[0013]

For example, the OFDM (Orthogonal Frequency Division

Multiplexing) system, one of multi-carrier transmission
systems, configures a frequenc:y of each carrier so that the
carriers become orthogonal to each other in a symbol region.
During information transmission, the system converts serially
'trénsmitted information into parallel information at a symbol
frequency lower than the information transmission rate. The
system allocates a plurality of pieces of ocutput data to each
carrier, modulates the amplitude and the phase for each carrier,
and performs the inverse FFT for the carriers. Tn this manner,

the system converts the carriers into signals along the time

axis by maintaining the orthogonality of each carrier along the




- 5 frequency axis. The reception occurs in the

reverse order of the transm ssion. The system

perfornms the FFT to convert signals along the tine

axis into those along the frequency axis and

denodul atest he carriers inaccordance with the

nmodul ation of each carrier. The system perforns

paral | el -serial conversion to reproduce the

i nformation that was originally transmtted in the

dEFRBENGY grabs. The0 rafefFheoiODihimdid ahkonesysdeMmisr of

%% ted as, a wireless LAN standard in the
EE%Wﬁ"Péﬁg}onf or TRk afiptteem PRefPEEEGO® FFT3to convert

n |s also in ogress_for the UAB
G40 dupRy 90 sysTeRrUSi Hgos(%m%&aﬁaﬁwegwt@ms
e bﬁdmoah@ nd t npul s
system Th gt%%-t Bgecas%e(lﬁ%B ll?%%%é%g%cespr eadt seprélg 2 Pron
DS éafloramtrien. Si Tl Sydt@nd ger%msstpaﬂau%bszﬁal
i npul se- UNB syst em uses i npul se signal sequences
RewT eies dwer fosheprodumyudrciiesonhatseverakhthwadr édiginally
glcoseconds to configure information signals for
TaEHitEsHohn aflte redli sAgnglsh respect to OFDM UVB
E ni cati on systens, the nultiband OFDM UVB
0 ni cati on systemis under discussion (e g., see

lti
Commahe BeriionbEN My SLIP g haARFed T V%F%h?%&fm
Pefrdarasin ftheqremeso %@/@Ef&%xmﬁlé r e%HS”fﬁ’Ei’aad’zdﬁs 3

ranging from3.1 to Into multiple frequency

Tlrakrelsz¢sidn Banasgo dachrogosgpsed e DR M¥Emunication
bandw dt hs and uses | FFT/FFT with each frequency band

ToRSEsBEind thEg OFdMnediD@lEin system in addition to the
DS-UWB system and the impulse-UWB system. The DS-UWB system

increases spread speeds of DS information signals to the utmost
limit. The impulse-UWB system uses impulse signal sequences
having very short frequencies of several hundred picoseconds
to configure information signals for transmission and
reception. With respect to OFDM_UWB communication systems, the
multiband OFDM_UWB communication system is under discussion
(e.g., see non-patent document 5). The multiband OFDM_UWB
communication system is an OFDM modulation system that performs
frequency hopping (FH) for frequency bands ranging from 3.1 to
4.8 GHz into multiple frequency channels (sub-bands) each
composed of 528 MHz bandwidths and uses IFFT/FFT with each
‘frequency band composed of 128 points .

[GO15]

FIG. 17 shows a frequency allocation defined in the




FIG 17 shows a frequency allocation defined in the -

6 nmultiband OFDM UWAB communi cation system The
frequencies are conposed of groups 1, 2, 3, D, and 5.
Goup | is conmposed of bands #1 through #3 whose

center frequencies are 3432 MHz, 3960 WMHz, and 4488

WMHz, respectively. Goup 2 is conposed of bands #4

t hrough #6 whose center frequencies are 5016 MHz, 5544
I\/I—Izlti nd 6072 Mz, respectively. Goup 3 is conposed

of "bands # P L UYBFeEnINses é op et ETerf.r et it @SerdfiR s are

6 Q0% MEZ WMHz, . and _7656 MHz, respectively. G oup
D ispbongd%égggfp8a%ﬂ #20 Dt sLugh #Amoushdsts cenpersed of

fm%ﬁd@ﬂﬂi@ﬁr@ﬁ%&§5aﬁuﬁ@?caé&%?gg%%%ﬁnggﬁhggg%ggggﬁﬂn 3960

respectively. oup 5 I's conpo

 #¥Azwhosb 4dentiaz,f reguenci RS (AT &;, 9768 and 1029¢ ,
respectively. It is na%ﬁatorﬁltgwgggo?ﬁ?%%gﬁgnﬁ§nds

MHz,
i f4grinapah. #6 Fioset dmrteyr oupguans hands 1% 18SCHLaY wuz
uture expansion. [00161 FIG 18 shows an !

for .t f

c%ﬂ‘f‘igﬁ%ﬁﬂan EXERTE VS Yt heGT@neives el offhBands #7
iy, fd DM system (e.g., see non-patent docunent

6) . %?8%0\7’& FH éei@qhsleéoﬁw §GPedMHzor 7RG MBE, and
CDES/E MBIZON ' conversjon systemrenoves an

i nt er medi at P?%%H%%§§ (%ﬁfugt%gkﬁ %%WﬂﬂﬁﬁﬁoPéebands #10

ariptdughe# 16 LN se a@BkLfi i | _received at
antenna. A nixé?athekéiriﬁ%éﬁﬁacgggtﬁ565|dﬁ%gHBy éﬁhz MHz,

|35¥a P21 P dfirencpspectivent. Yeapph ¥ i%héorﬁﬂc?s%ldie!}%ybaﬁdé #13

convgrsion to a baseband signal. The exanple In

TEUELE YRR eROprsixmmiemcdies( a%ef$7 @ntEsi Bnd 27500 Muz,
fQr eE£§9U ncy _conversion of reception signals

corPespon %y L5 Ih@andatory to use three bands in group 1.
The other groups and bands are reserved for the future

expansion.

[0016]

FIG. 18 shows an configuration example of the receiver
used for the multiband OFDM system (e.g., see non-patent
document 6). The receiver in FIG. 18 is configured for direct
conversion. The direct conversion system removes an
intermediatefrequency(IF)stage. A low-noise amplifier (LNA)
amplifies a signal received at an antenna. A mixer then
multiplies the signal by a local frequency to directly apply
the frequency conversion to a baseband signal. The example in
FIG. 18 uses local (LO} signals cos(2nf.}) and sin(2nf.) for
frequency'conversion.of’reception,signals corresponding to the
I and Q axes, respectively. After the frequency conversion,

a low-pass filter (LPF) extracts low frequencies. A VGA




I and Q axes, respectively. After the frequency
conversion, a lowpass filter (LPF) extracts |ow
frequencies. A VGA - 7 (Variable Gain Anplifier)
anplifies the signal. The AD conversion is perforned.
Further, the FFT is perforned to transformtine-axis
signals to frequency-axis signals. Each carrier
i sdenodul ated to reproducethe information transmtted
0 nal carrier signal. [0017] When using the
(gﬁﬁlibL%%%FJé’sA@Héhﬁlﬁw R@liFilesf bhe eianpl.e, ThEeap

dhgg 0 verS| on_recejver as shown in FIG 18
requ?lr:']éél ocal ?Fﬁﬂ’é’llesA ‘haFiur§hekr ebhe rBfudscpesfuBd to

Mtz é’@&@n - that are the same as the
RF aelllgnal ;:Mg%n?gfg éé’eg&ng;%?e ec{uﬁ’ﬁfgra’ﬂ% sdioraée. Each

_coaweist Gy wﬁb&mﬂédnt%atregrgggcgs& a0 LEsfilter,
easi |y broadens the receivef's band (ﬁl I"NCT eades

f‘l‘—%@@ﬂéﬁlﬂhtte;d by the areiganuer ceopiégwaliqn. However,
F‘gqf? rect conversion system equalizes the recept| on
f ncy with the Iocal frequency There is a known

probl e éhat the E%c SI gnal s self mxing (LO self
m Xi ng) caused mand jpseshogn D@ @fifisel?, for

(BeaGhp) eS€ en docurrent 0019] FIG 19
shg\j\!/rsplﬁowg?%e&l%%l c'(;s)flgnﬁl%n s‘iaﬁ%eﬁﬂé% AY Dt ¢n Fige 18
lrecali &k grRta 1| §f§i‘&xlfsr19mfr{betfq?83'f/ bOd %4%2 MHz, 3960

antenna. This signal partially refl

Yheenard oid 8r BEz &t Ore tH: LAGRI ertheTlge DXl 's center
nul tiplies the signal and the | ocal
frequencies,

[0018]

The direct conversion system eliminates the use of an IF
filter, easily broadens the receiver's band, and increases
flexibility of the receiver configuration. However, the direct
conversion system equalizes the reception frequency with the
local frequency. There is a known problem that the local

~signal's self mixing (LO self mixing) causes a DC component,
.i.e., a DC offset (e.g., see non-patent document 7).
[0019]

FIG. 19 shows how the local signal's self mixing occurs.
The local signal leaks from the receiver body to the antenna.
This signal partially reflects at the antenna and returns to
#he receiver. The mixer multiplies the signal and the local
signal itself together. TIn another possible case, the local

'signal is partially radiated to the outside through the antenna.

Subsequently, a reflected wave may be received at the antenna




signal itself together. In another possible case, the
|l ocal signal is partially radiated to the outside
through the antenna. Subsequently, a reflected wave
may be received at the antenna - 8 and is mxed with
the local signal. [0020] In FIG 19, for exanple, |et
us assune that the local signal's anplitude is 0_ 5V,
t hel ow-noi se anplifier (LNA) and the m xer provide a
to%ag .%ai n_of 30 dB; and a | eaking local signal

r et T ects M ng! thitditd ogad sdgnahs to point Ain FIG
19d@egttenuate -70 dB. Under this condition, the DC
of%set for m xer output is found to be 2.5 nV. Since

the expectmeg. WaVers, s [, I evel is approximtely -74
dBm at the m ni mim rt‘lﬁe %lfér\%ﬁtbﬁta%gﬁﬁ@aiﬂzﬂ%@cal

- Shshabs mplituaan o, s widenstoRd LhSk 4G BC0M88) ana

becomes greater than the expec wave''s “Si

| &peI Mixgorrovibe fotdoui ngiaduati®MEIesSAli PO BAing 1ocal
p(soceSf to_generate the DC offset. In the equati or(':l’,
c53PLOL )FTidprésent Shehantenmd ansi gamtrmndcapangt & in FIc.

regpesty epresent the anplitude and the phase of
D P erl Gerediakte. Fotthnelneer tHe smicpofitiond He Do offset

egeRtmiQr JLRE,EI § St rm.of the right side represents
the DC of f set .SuThie§ gc;el%éfr?&oaﬁa ?hir’r teﬁ@cﬁeﬁg@smected

doard 'es BEEANENCALIOTROBENE Se i mdla W L ,be under st ood
that the DG offoet var oo otk The 748 g RV i,
drhsl migde antppbaseon(s8022k abkouat iOfvils. 1t can be

understood that the DC offset becomes greater than the expected

wave's signal level.

[0021]

The following equation describes a process to generate
the DC offset. In the equation, cos(wt) represents the local
signal andtxeuui¢ respectively represent the amplitude and the
phase of a reflected wave returned to the mixer. In the equation,
the first term of the right side represents the DC offset. The
second and third terms represent double frequency components.
It will be understood that the DC offset varies with the

reflected wave's amplitude and phase.

[0022]

[Equation 1]

a-cos(w- £+ é)- cos{w- t)= % - (cos(¢)+ cos(g)- cos(2-@- t)- sin(g)- sin(2-@-£))
[0023]

Since the multiband OFDM system performs the frequency




. ,_,,@,WmiedinguirariémadanC@qé?fgea§&ﬁé5%o§pﬁhé§t -:I@lfred

a cos(w t +O cos(w t) = l1la (cos(o)+ cos() <cos(2
n t)-sine sin(2 w t)) [0023] Since the nultiband

OFDM system perforns the frequency hopping (FH), the
| ocal signal frequency varies with each frequency
hoppi ng. Since the antenna's reflection coefficient
depends on frequencies, the DC offset resulting from
self-m xing varies with the frequency hoppi ng. The

f ency opping.occurs as frequently as 3.2 Mz
eéggﬁy”%% Fﬁ‘g OEERA $9%bbl Signatle fraguetenvyani el @itROsach

t he pwise varies at the frequency of

1/ f%wﬂgéj @8@%&@ \rlmgalﬁlc%e‘gfb%a&te‘[l%z%}feéﬁ%\ﬂaﬂm goefficient
Depdi®eton $regRBNE rial i nserti . a

capaci t or it ﬁe mgees?ygzlt%pgte. Lﬁ"s? iS5 g%éflgcgf)%ﬂ%i tor

hi gh-pass filter (HPF). The cutoff frequéncy ofltequency'

hRpiescycrespendecheconts asly (2NERE quilie: £ ORY SFBANGAbol
t]; for step response becones 2nCR. [0025] Since the
il 15 bahd %ﬁf%fﬂ SyisEéf usbs thise DS ubt ety iseepwl sequeticy at

Qfhed £12 t i rect conyersion receiver is
reqeuestgléié@;oy p%ggﬁgpzt %hﬁ.Iz%l%vﬁz.naWﬁHC?@@@ect to the
DGookfiset, the convergence tine for step response
needs to be limted to approximately 1/10 of the OFDM

synbolGenatra1(gppHexboatrgk ks 3Q f@{kﬁﬁ ; en the,
cutoff frequency is set to 4.125 %?99%%1%3}& ltnésergmg
E0PRRAYE orhin dhepmiesponspubecoRs 1aSch e F,g%agﬁc@égr C and
nanoseconds (= 1/4.125 MHz) as shown in FIG "22. The

probrEminPedpRge R renwtoucti aef inistthiondt heh QDM asmBol ter

i(ﬁP?)c.CO%aenic% o?% f%gc?uesr}ceyp froisjg_ggéféncy response becomes
1/(2nCR} . The convergence time for step response becomes 27nCR.
[0025]

Since the multiband OFDM system uses the sub-carrier
frequency of 4.125 MHz, the direct con"version receiver is
requested to pass up to 4.125 MHz. With respect to the DC offset,
the convergence time for Step response needs to be limited to
approximately 1/10 of the OFDM symbol rate (approximately 30
nanoseconds). When the cutoff frequency is set to 4.125 MHz,
the time to converge the step response becomes as large as 242
hanoseconds (= 1/4.125 MHz) as shown in FIG. 22. The problem

is that the most time within the OFDM symbol is accompanied by
the step response.

[0026]

Generally, available means of changing frequencies is to

multiply the same oscillatory frequency using PLL (Phase Lock

- 10 -




[0026] GCenerally, avail able neans of changi ng
frequencies is to mnultiply the sane oscillatory
frequency using PLL (Phase Lock - 10 Loop).. However,
there is the problemthat the nulti band OFDM UV\B
systemis subject to a large difference in the channe
changeover as shown in FIG 17. The single PLL cannot
change frequencies within such wi de band. A
hi gh- preci sion mul ti band generator can be constructed
Byopi ovi Eoweyenyl thpke Dscild airobs emafigh @R kil B¥band
correspondi ng frequency bands. However, there may be
OFBHLEWR sysherrim pigoidve toracliatys difffaendh dBNicothamde1
gmer consunptjon, a frequency phase difference for
&4eRIVEH |alsa%?wn &ﬁdFF‘ﬁe 17 keTng @G—ZE]leTBL%GIaW@OthtFlsange

- ER DU SR R, LS Bl i
b@ﬁer@@&ﬂ Ebﬁﬁ)@rc@r@cr@& )dg\_l ??1 ﬁBfEJb%{egggffia ors

(i.e., outputting a sum or nce

anéquerceeshy cdr@@28bnfl & f@quﬁgfr aRldisC alHeFROWS: 1 re
conventional exanple of the frequency synthesis bl ock
1YY AgprroBlénmdonode)ifprhefl coomency hbmpingimEh ioisethd
for the direct conversion receiver as shown in FIG
H®'Tt INEURBFE Phartl TCFENRSyEt BhesAslisfewnnce £6f @ad2s,
gg%(y %]der and thggm;xer can be used to mx (add or

Fact frea “the center frequency of each
with the reference frequency obtained fromthe
single oscillator (e.g., TCXO (Tenperature

Conpens atoadeGnist pLosB&,| hal 25Band generation is performed
by repeatedly dividing the single frequency output from the
oscillator and mixing divided output frequencies (i.e.,
outputting a sum or a difference between frequencies) .
{0028]

FIG. 23 diagramatically shows a conventional example of
the frequency synthesis block (group-1 3-band mode) for
‘frequency hopping (FH) used for the direct conversion receiver
as shown in FIG. 18 of the multiband OFDM system. As shown in
FIG. 23, the divider and the mixer can be used to mix {add or
subtract frequencies) the center frequency of each band with
the reference frequency obtained from the single oscillator
(e.g., TCXO (Temperature Compensated Crystal Oscillator)).
[0029]

The example in FIG. 23 uses the reference frequency of
4224 MHz obtained by multiplying the oscillatory frequency

output from the oscillator according to PLL (Phase Lock Loop}.
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[0029] The exanple in FIG 23 uses the reference
frequency of 4224 MHz obtained by multiplying the
oscillatory frequency output fromthe oscillator
according to PLL (Phase Lock Loop) - 11 The reference
frequency is divided by 4 to extract the frequency of
1056 MHz. This is divided by 2 to extract the
frequency of 528 MHz that is used for a sanple clock.
The 528 MHz sanple <cluck is urther divided by 2 to
her srfenemeefineguency iof d Péddedbl 4tthaexisad: bagdrequency
i gé gl of center frequencies for frequency hopping.
r’% ¥ BA®h mMber 1xetivedias by BB €8 raptetBe direRavedry of
I f I Xi.n i.e., adding or. subtractin
1?) r%gq%%ﬁ%heasm of '??Feé o%raianéampg? g??aﬂcéq'asT%rﬁ%%oPﬁé‘& sample
_...2heve. i IHQ rihXLry; frequencies of 528 _MEz and 264,
o e e R B oL 8ar e TPA SoTGay oF 264

(Bel@rit) i s @l 1eaics i R6dr MY 0@l celt Mo quEhe 1 8WBSHRA f?@%uency
y

SSB can provide four conbinations of frequencies

peppdrdi ng addition or subtraction between the

_z&%g&ted out put frequency 264 MHz or 794 MHz and the
hal 4224 M frequency signal. [0031] It should

be noted, t hat grou uses only three frequencies

3432 REg" ‘%]dﬁdg Wﬁfge‘inﬂl%éféw.m%%ts%dﬁ fhRd) 7RPrforms
fse NCYy 4 t d,.from 4224 MHz t enerate

e g R R R e R e ER et Snef sl i e

2P0 IMHE s e n@ e BREATD 0 ved 6 : 4 fr e

IS addedst 0 4224 NHz OtV% ggrnﬂglgl%}égp%fég %encﬁ@é 88%2s

MHz and 264 MHz to yield the frequency of 794 MHz. A selector
(Select) selects 264 MHz or 794 MHz. The subsequent SSRB can
provide four combinations of frequencies by performing
~addition or subtraction between the selected output freguency
264 MHz or 794 MHz and the original 4224 MHz frequency signal.
{0031]

It should be noted that group 1 uses only three
frequencies 3432 MHz, 3960 MHz, and 4488 MHz. That is, the 792
MHz frequency is subtracted from 4224 MHz to generate 3422 MHz.
The 264 MHz frequency is subtracted from 4224 MHz to generate
3960 MHz. The 264 MHz frequency is added to 4224 MHz to generate
4488 MHz.

[0032]

In FIG. 23, the device marked with SSB mixes, i.e., adds
or subtracts frequencies and is equivalent to an image
rejection mixer, for example. The image rejection mixer can

obtain a single—side—band signal by analog-multiplying a pair
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[0032] In FIG 23, the device marked with SSB m xes,
i.e., adds or subtracts frequencies and is equival ent
to an image rejection mxer, for exanple. The inage
rejection mxer can obtain a single-side-band signa
by anal og-multiplying a pair - 12 of conplex signals
whose phases are orthogonal to each other. As shown
in FIG 24, each of frequency signals f, and f, is
provi ded wi th orthogonal conponents. Frequencies can
bé ceypltehxesigedll Owhaddigih s sUbtdBtIPAalr €HLQREI SSher.
using the addition theoremof the trigononetric
fanekewn.in FIEL R424ach rdqliienqyestygnalgrfalsi €, sed o is
4224, and frequency signal f. is set to 264 MHz or
REIVIMEY O3 SFtRRRRAAY CorpeneBRY ent Framientieguen e
esis block.as shown.in FIG 24 is subject to the
?%ﬁﬁoﬁslnzgdprhsbf‘%ﬁ%fg TOGERFTPEF 1 noeP TG 8B Wiy sthe
aagihesd FLGU Lo ' at i i s conmpli e
and t he Sg\?\g%&goﬁ%l}%t ?Eh&%ﬂ%l%ew%tﬁ%ﬁ' ?Ef %?%bgm’
f hentodeyMszghs BUENC ket G0 @2 daS MB- T84 338YL8Rcy VARl £,
third harnonics cause a spurious signal of
Bppresxitwat éf yMHzipot 0 941@HedBc in group 1. [0036]

%@Fcifically, the preceding SSB for 792 MHz generation
¢ %ﬂpplied with not only 528 MHz and 264 WMHz, but

al so hhe thir% : , . .
owever, the conventional frequency synthesis block as

shown in FIG. 24 is subject to the following problems.
-[0034]

{1) Since two SSB mixers are needed, the circuit
configuration is complicated and the power consumption is
large.

[0035]

(2) Since the 264 MHz frequency signal is a rectangular
- wave, third harmonics cause a spurious signal of approximately
up to -10 dBc in group 1.

[0036]

Specifically, the preceding SSB for 792 MHz generation
is supplied with not only 528 MHz and 264 MHz, but also the third
harmonic of 264 MHz, i.e., -792 HMz. The SSB outputs not only
792 MHz as an intended frequency, but also -264 MHz, causing
a spurious signal in group 1. |
10037]

(3) Since the 264 MHz frequency signal is a rectangular

wave, fifth harmonics cause a spurious signal of approximately
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har nmoni ¢ of 264 MHz, i.e., -792 HVk. The SSB outputs
not only 792 MHz as an intended frequency, but also
-264 MHz, causing a spurious signal in group 1.
[0037] (3) Since the 264 MHz frequency signal is a
rectangul ar wave, fifth harnonics cause a spurious
signal of approximately - 13 up to -14 dBc in group
1. [0038] [Non-patent docunent 1] International
Standard | SO'| EC 8802-11: 1999(E) ANSI/I|EEE Std

8t2. 8 ~logBCEdnt gBee Hart 11: Wrel ess LAN  Medi um
Acg Control (MAC) and Physical Layer (PHY)

Speciti cations [ Non-patent docunment 2] ETSI Standard

Notwor EAC VBT APPEREAN Thpe 5; baa Link Gont ro
(DLO) TheyematiRaatl scBagl & Q%%%I giﬁgg%g \F/ %@%tgijEES‘S,

[ Non- pat ent docunent 3] ETSI

BRGEdlER8 Radi #0Addes oblet mei kson,( BRAN) 71 H PERLANTYRE

2; Data Link Control (DLC) Layer; Part2: Radio Link
118 AREEYS skdsitaypdr (MAON-gat entysdeauneayed] (Budhtra

\é’v’gebgnd -- A newborn revol utionary wireless

t8EhnbI 632N kkei El ectronics, 11 March 2002, pp.

%géﬁﬁgfrﬂdn%g't@%e%cgﬁe% mirjlt 5] | EEE802. 15. 3a TI

ETSI Standard ETSTI TS 101 761-1 v1.3.1 Broadband Radio
Access Networks (BRAN) ; HIPERLAN Type 2; Data Link Control (DLC)
Layer; Partl: Basic Data Transport Functions

[Non-patent document 3]

ETSI TS 101 761-2 V1.3.1 Broadband Radio Access Networks
(BRAN) ; HIPERLAN Type 2; Data Link Control (DLC) Layer; Part2:
Radio Link Control (RLC) sublayer

[Non-patent document 4]

"Ultra Wideband -- A newborn revolutionary wireless
technology."™ Nikkei Electronics, 11 March 2002, pp. 55-66.

[Non-patent document 5]

TEEE802.15.3a TI Document
<URL:http://grouper.ieee.org/groups/B02/15/pub/2003/May03
filename: 03142r2P802~15_TI—CFP~Document.doc>

[Non-patent document 6]

Anuj Batra,
“03267r1P802~15_TG3awMulti—band—OFDM-CFP—Presentation.ppt,"
pp- 17, July 2003.

[Non-patent document 7]
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<URL: http://grouper.ieee.org/groups/ 802/ 15/ pub/ 2003/ Ma
y03 filenanme: 03142r2P802-15 TI - CFP- Docunent . doc>

[ Non- pat ent docunent 6] Anuj Batra,

"03267r 1P802- 15 TG3a- Mul ti - band- OFDM: CFP- Pr esent at i on.
ppt," pp. 17, July 2003. [ Non-patent docunent 7] - 14
Asad A. Abidi, "Direct-Conversion Radi o Transceivers

for Digital Conmunications" (IEEE J. Solid-State
Grcuits, vol. 30, no. 12, pp. 1399-1410, 1995

Di scl 0887 @ Pof2RIH /| TRArRdtoCoRVebE bom Radbe TSeheedi byrs for

the J.nvention [0039] |t is an object of the present
'ls]lvgelr?t%:ioﬁo%u%rc@\?ilaés arf TEER Bl PehidrSiite ebrmmuirtiscarélon30,

appanat ug,ca & Af opriately transmtting and
receivi ngprruf??%gln OO:?)E/FEsi gnal s for hopping center

~ frequencies at a specified band interval. Means for
Sol ving the Problem [0040] The present invention has
Pesclradeei of cdrsitdesatiom of the foregoing.
According to a first aspect of the present invention,
t her e %9 itedelle aSelanico byorhe nIvednipnappar at us
%IO?E uses a lowinternediate frequency to receive a
ii)and OFDM si gnal for hopping a center frequency

at a spegi.fLed ban i.nferval . The appar at us

conpr?gégs L§ objeé% of Ehe present 1n€ention to provide an
excellent radio communication apparatus capable of
appropriately transmitting and receiving multiband OFDM
signals for hopping center frequencies at a specified band

‘interval.

Means for Solving the Problem
[0040]

The present invention has been made in consideration of
the foregoing. According to a first aspect of the present
invention, there is provided a radio communication apparatus
which uses a low-intermediate frequency to receive a multiband
OFDM signal for hopping a center frequency at a specified band
interval. The apparatus comprises:

frequency conversion means for converting a
high-frequency recéption signal into a low-intermediate
_frequency signal;

AD conversion means for converting a low-intermediate
frequency signal into a digital signal using a specified
sampling frequency; and

OFDM demodulation means for converting an AD-converted

- 15 -




frequency conversion nmeans for converting a

hi gh-frequency reception signal into a

| ow-i nternedi ate frequency signal; AD conversion
means for converting a |lowinternediate frequency
signal into a digital signal using a specified
sanpling frequency; and OFDM denodul ati on neans for
converting an AD-converted 15 OFDM signal on a tine
axis into a sub-carrier along a frequency axis so as

OEDYerifjoai draatt ispeaki 4Mntdad ¥obscaWhed Lialohfe FDMency
denodul ation neans sorts a sequence of sub-carriers
erahged duéot pefFeyuefrst fapledicngmcausiedilsy a  sanpling
frequegc% during AD conversion after performng the
convel"$fERR &has OF BM plsnasiukatse mesect pant armalspgience of
Bpy_of. f.ast ourier,transform (FFT), wavel et ,
télg%n%ro]{l%%%ﬁga fF I8P q:tor gﬁgflﬁé?ﬁ%dﬁ?lﬁén@s%uﬁ%‘it% a
SORVEIS] @P-8§Q L ARG .spect.rum anal ysis
7o R o Seaey Pl ARk R T RN Ly e

comwerstionns G i S ttbé S siSedab O pedt FOEGhY st Bl any of Fast
receives nultiband OFDNISlgnan for hopping center
Fewirancirass ferm FRII, f iwese bat de danisdoval, . aloWwey et et he
di rect conversion systemequalizes a reception
FravfontyCci 1 uaed ralther eeieansyionCon sk Fenpeyform fast

f.-m xing, of. a local signal . causes a DC offset.
|%ﬁ§§u9h%n%%Yﬁﬁ§uﬁﬂf %EBWI%&%?%%ﬁ'perforns frequency
Qggghng, a local signal frequency varies wth each
requency hopping. Since an antenna's reflection

coef f it i oflepepdsrNaf F&AUeBRE &8s i JN8y DL S8l ed for
resulting from

a receiver that receives multiband OFDM signals for hopping
center frequencies at a specified band interval. However, the
direct conversion system equalizes a reception frequency with
a local frequency. Consequently, self-mixing of a local signal
causes a DC offset. Since the multiband OFDM system performs
frequency hopping, a local signal frequency varies with each
frequency hopping. Since an antenna's reflection coefficient
depends on frequencies, the DC offset resulting from
self-mixing also varies with the frequency hopping.

[0042]

A Low-IF system receiver is known as means to solve the

DC offset problem in the direct conversion receiver. In this
manner, the Low-IF system converts the reception signal once
into the IF frequency. Even when self-mixing of the local

signal causes a DC offset, it can be easily separated because

the frequencies are apart from each other. The Low-IF receiver
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self-mxing also varies with the frequency hoppi ng.
[0042] A LowI|F systemreceiver is known as neans to
solve the DC offset problemin the direct conversion
receiver. In this manner, the LowI|F system converts
the reception signal once into the IF frequency. Even
when sel f-m xing of the |local signal causes a DC
offset, it can be easily separated because the
frcgguenm es are apart fromeach other. The LowIF

r §CePVRA 2V BrokbemesT i thésv protierireShate HS1bétt bandpass
r st Hi | bert. bandpass _filter and a second

ggg élglagnr#zjll% FREPTEr LTS g8 Lt bhat here dinmeeted for the

CanY&Esi Yhviesshye ther,. sanpling an |F signal
makes it necessa}r{y%%é:%lecljrqeagg ?ﬁ% a%ﬁ?pelléllgoé‘R fhrgignal

___ohakédre iADhecnnment e6.14QQ43L Mhen INg 2.cc )
nul ti band OFDM signal for frequenginsfﬁoc\gpl%g?a%%gf the AD

r g e uni cati on apparatus according to the

pg@fﬁq invention perforns conversion such as FFT for
spect rum anal yS| s of OFDM signals, and then

sorts é)r%carr .er.s rotation. This elininates the

need for e&ﬁéﬁ&ﬁ?gcﬁn‘%}%ﬁk@ﬁd A8PHgs towsc dind Ifeghency

Sigpahgangd, s use of the sanme AD conversion
clock as fo%nla%l%dl Pect c%?]%%lac?ﬁaF@EBFv%?corC[WHO the

Hire shequeRmit ieeNkek$hon S 4. ecenti o
signal with a | o}:bal Si g%%rg@éﬁgra oh P For fast

SoRct mrermeliyale I ENEREYna Sk 9RAL. trﬁaﬁ%ﬁ:‘cg aéd}:)bca&}?%ers
requenc conversi on nmeans nmxes a reception si
{r equency Pt
wiirtatiseal TRigrdlinhagtag theloeal £6f EGeglENcy conversion
using a second local signal and enables the use of the same AD
conversion clock as for the direct conversion receiver.
[0044]

The frequency conversion means mixes a reception signal
with a local signal to generate low-intermediate frequency
_S8ignal. Specifically, the frequency conversion means mixes a
reception signal with a local signal having a local frequency
. apart from a reception frequency by half of a band interval for

frequency hopping to generate a low-intermediate frequency

signal composed of a low-intermediate frequency half the band

interval.

[0045]

The AD conversion means samples analog signals using a
sampling frequency twice as high as said low-intermediate
frequency. 1In other words, the AD conversion means samples

- analog signals using_a sampling frequency equivalent to a band
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apart froma reception frequency by half of a band
interval for frequency hopping to generate a

| ow-i nternedi ate frequency signal conposed of a

| ow-i nternedi ate frequency half the band interval.

[ 0045] The AD conversion neans sanples anal og signals
using a sanpling frequency tw ce as high as said

| owinternediate frequency. In other words, the AD
conversi on nmeans sanples analog signals using a

sanpkivaly foedueqopneguhogdient. to a band - 17 interval
for frequency hopping. [0046] The radi o communi cation

aBP4Fhtus according to the present invention further

incluggé andLnternedLate_frequency filter to renove
unnecesSar§ naveS LA LB FRRRFHEH AceorfiivgUendyne

5] fir Acy-gconverted t he freguency. o
L80ak: [ EAURNE AUINEL! ot Dlodlie, T LSIUERON e brequaney
EOL €6 7o lehobbCabRRGY i Bavks £0MRPSES-Gh B ALADAS
bandpass filter formed by using a gyrator to connec
fheqsamy tadgneealredidddgr-sowk bt 8a0ky attherrre ey

configuring the Hilbert BPF by using a gyrator for
- CORTRICTI TN MBen feeiddrerdsage tbwohe eidw-fIH ts@ssem, tiee
resent invention uses an integer ratio for an el ement

TR GR L HE qRdaeY fiyser procomypred pF gl e rs hagalpass

Fijd e,{ ,folﬂqeérg S __manner, tir_]e present invention can
simul t aneousy E8APY 6t IRETOEE &onprEhuEif PalRdt Y heeal
DA rsTRec ki dRE beREF. CRReR% §A% duki nheBLd 189neLO%Y? oy
using a gyrator for connection between the same two real filters,
the present invention uses an integer ratio for an element value
of the ladder-type prototype filter as a real filter. In this
manner, the present invention can simultaneously control the
center frequency and the band. The Hilbert BPF can be easily

realized.
[0047]

Generally, the beginning of a reception frame includes
a preamble composed of a known sequence. The preamble sequence
is designed on the premise that the correlation is detected in
the time domain without performing the FFT. In other words,
differently from the frame data portion, the preamble sequence
is free from sorting by the FFT. Accordingly, it is impossible

to detect the correlation between the received preamble

sequence and a known preamble sequence. To solve this problem,

- the invention uses a sequence resulting from multiplying the

known preamble sequence by the low-intermediate frequency to
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General ly, the beginning of a reception frane includes
a preanbl e conposed of a known sequence. The preanble
sequence is designed on the prenise that the
correlation is detected in the tine domain wthout
performng the FFT. In other words, differently from
the frame data portion, the preanble sequence is free
fromsorting by the FFT. Accordingly, it is inpossible
to detect the correlation between the received

phearblee sRGEAREECANT t8 $B@¥@;€@£&§EP&I%§.€%€E}&% mdLner,
solve this problem the invention uses a sequence

A&sus tpop flemtoubie tpttying theamknewn preanbl e
sequence by the |l owinternmedi ate frequency to - 18

éR8EEE the correlation with a reception signal. In
it is possible to detect the preanble.

this nner,, it

[ 00481 CROEGHIF 1 oS BC0RE GRPaSTp @&t tht RuRSeBEoLaTEntion,
i tsi 0 [ rovided .a radi o conmuni cat i, on
e SRR S R et R S

&rmr;teamgahawmq%% shopal, fere {aomgegbgn&%ﬂ

frequency at a specified band 1nterva e appar at us
syl Ses: hEPPM g Wealtie@n £ FBGASH &2 tCANKBEELL A £a%thd
sub-carrier along a frequency axis into an OFDM
e lal ofige aappanatasi sompyipes f or mi ng conver si on
reverse to spectrum analysis wthout changing a
baseb3hd! FeliakiepnBernt 9 sqnafeyingl eaq iselticenrier

AR Pheall) BT, R e LS LT s
By8c EEOMRI R} @BnLEVE] SE Eger§§eccc¥ [.SBQ:M %%giygggev}ih:%rout
to generate an OFDMF modul at e

changing a baseband;

low-intermediate frequency multiplication means for
multiplying a low-intermediate frequency and a transmission
signal after being processed by the conversion reverse to
spectrum analysis together to generate an OFDM-modulated
low-intermediate frequency signal;

DA conversion means for converting a low-intermediate
frequency signal into an analog signal using a specified
sampling frequency; and

frequency conversion means for converting a
low-intermediate frequency signal into a high-frequency
transmission signal. Any of inverse fast Fourier transform
(IFFT), inverse wavelet transform, and inverse‘Hartley
transform can be used as the above-mentioned conversion reverse

to spectrum analysis.

[0049]
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| ow-i nternedi ate frequency signal; DA conversion neans

for converting a lowinternediate frequency signa

into an anal og signal using a specified sanpling

frequency; and frequency conversion neans for

converting a lowinternediate frequency signal into a

hi gh-frequency transm ssion signal. Any of inverse

fast Fourier transform (1FFT), inverse wavel et

transfcgrg and_inverse Hartley transform can be used

as t he aBovSYnEAt ToHePaenOEPY| toransaicrtse at@ s8Rt EUMhe

anakxsi -.19, _The LowI|F nultiband OFDM

tr angﬁnt??%%ggég%)??jls fgt I THe sipRVEN fieha hdreral W laing an

t LENSFEESNeR Ady S i_plyl ng.a | F frequenc

agg an q%IZ%DME}SJ gna?}g{?%dgetgﬁggﬂbtgpg?éh%%bfgﬁér% gﬁ_nveqwém.
__t Faashiansr titeeSuseh- S Ld-65; Level nmpensation

means to correct an aperturelg??g%¥g%fi%%%; R Pensation

CB?I%%? §PO‘FPWE‘%1?T33 anffﬁféort@remdﬂ 8¢ 1§1et bﬁr@fﬂv%%sggn means

sﬁgﬂghageversejy to spectrum angly3|s. In this

manner,, “8NTPEtL1E eqtetnsnissdonruigrodn rbee r odit icBeshe dttrum
"I $nPR3Sishl epfo use the same DA conversion clock as

for the diréct convir¥icdn fethil direquensy] spectomdicag be

tebanather Lectl hod conplex FIR filter

can be useaﬁgﬁ%e$$%§ﬁ¥g$%od%%?3@? 39 dHuERBYCFREPbrdeck

duse foo the &%&@&mvﬁﬁﬁegg§o@p§£k35%reffect. In this

manner, a flat frequency spectrum c¢an be obtained. It

i[9058sible to sinultaneously provide the

intereflatiqn and the frequency

ccording to another correction method, a complex FIR

filter can be used after IFFT to correct a frequency response

d
due to the DA converter's aperture effect. In this manner, a

flat freguency Spectrum can be obtained. It is possible to

simultaneously provide the interpolation and the frequency

response correction.

Effect of the Invention

[0051]

The invention can provide an excellent radio
communication apparatus capablechappropriately”transmitting
_and receiving multiband OFDM signals for hopping center
frequencies at a specified band interval.

[0052]

According to the invention, a multiband OFDM UWB

transmitting and receiving appératus is provided in

low-intermediate frequency (Low-IF) configuration to be
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response correction. Effect of the Invention [0051]
The invention can provide an excellent radio
comuni cati on appar atus capabl e of appropriately
transmtting and receiving nultiband OFDM signals for
hoppi ng center frequencies at a specified band
interval. [0052] According to the invention, a
mul ti band OFDM UWB transm tting and receiving
apparatus is provided in |lowinternedi ate frequency
(1eRRPEF) o€ eroflivgng gt et et 2butedpedled of eSO ARG rsion
roblens attributed to a direct-conversion
trERSHtEing 2l Hesedving grrpRpmtasusndndf ofacilitating
facili in eneration of |ocal frequencies. [0053]
'ﬁ%ée%%%g% i%ﬁ\éﬁﬁ esTPHRSYFUbl-ens attributed to the
Liewski- receiver that requires the Hilbert bandpass
filter and the second | ocal signal unneeded for the

di r ectTHONVOESEOBN $EGRISY @hedPFoh NGELASES ; '
cl ock of the AD converter tg 18s%np e |F%§ﬁ§H§?§PL#ﬁ%m

LAveht imsredar rappity rehei tesvthe BYBbEM bhadbhSs filter and
nHItlband OFDM system [0054] According to the
FRTeTRIVH Yowe lLahondl rnuvwicded €an thetdtmedto ceavérsion

?gggfgggigrs.after FFT, elimnating the need for
F egueHc FPEoREeassn ASPRgLiRe of |theahD giagivalcter ko

%%gﬂéﬁké Qi s.icsné.llss .po.ﬁﬁ'é kﬂln%*etn%igxsl eca%nh %p?:%getlrﬁe[) L%?vrl\f%rs%irsotr!em
to the multiband OFDM system.
[0054]

According to the invention, the Low-IF receiver can
rotate to sort sub-carriers after FFT, eliminating the need for
frequency conversion using the second local signal. 1In
addition, it is possible to use the same AD conversion clock
as for the direct conversion receiver. An FFT-free preamble
can be detected by using a sequence resulting from previously
multiplying an original preamble pattern and an IF frequency
together.

[0055]

The Low-IF receiver uses the Hilbert BPF to remove an
image resulting from the frequency conversion. When
configuring the Hilbert BPF by using a gyrator for connection
between the same two real filters, the invention uses an integer
;atio for an element value of the ladder-type prototype filter
as a real filter. 1In this manner, the present invention can

easily control the center frequency. The Hilbert BPF can be
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as for the direct conversion receiver. An FFT-free
preanbl e can be detected by using a sequence
resulting frompreviously nultiplying an origina
preanbl e pattern and an IF frequency together. [0055]
The Low I F receiver uses the H |l bert BPF to renove an
i mage resulting fromthe frequency conversion. Wen
configuring the Hilbert BPF by using a gyrator for

co <‘1ion bet ween the sane two real filters, the
i nvent &orr]eﬁlsje%e n integer ratio for an el enent val ue

of [dd¥e;l adder-type prototype filter as a real filter,
In this manner, the present invention can easily

cont r ol wHdie acey £ equency.. . .the. Hi |l berf BPF can be -
21 easily re(galq% zed. ?%Oé%l)yle\?ﬁ n" &> YL fPofn jutput from

séhieatni yei n&er tredghenap @utdy ;LLeE,, the i xer for
frequency nul tiplication so alf)tsltcca)l re?ro%]/(g Y é@ rofpPEgea BC

t RELPRAVenticord nrant Lomi dart Herdtephe eSOQNSR hofBel Pime to
aﬁgr )4 matelé 1/10 of the OFDM synbol tinme by setting
t AEPHPE M df + ¥¢ edubheyoRRY appbokimimieeby 23 g the Hpr

[ | FE multiband OFDM transmtter accordi ng
tg&t@%ﬂef -I%}%\?ggﬁ%ntoge%é’rré’lxé?aéeﬁa?%ﬁi%i on | F signal

byooasditi plying an | F frequency and an OFDM si gnal
toget her before DA conversion. Correcting the DA

conver Tee ' Ivvaer il € wideerohef oL g, 1 FRL makes it

. t

possible to use the sane DA COnver ol on ¢l BEkOBELIpG Lo the
rHditieptgeneontes Si DRan&ERI34EIn IF signal by multiplying an
1F frequency and an OFDM signal together before DA conversion.

Correcting the DA converter's aperture effect before IFFT makes

1t possible to use the same DA conversion clock as for the direct

conversion receiver.

[0058]

Since the invention provides the multiband OFDM UWR
transmitting and receiving apparatus in Low~-IF configuration,

it is possible to easily generate local frequencies and
decrease spurious signals.

[0059]

These and other objects, features, and advantages of the

invention may be readily ascertained by referring to the

following embodiments of the invention and appended drawings.

Brief Description of Drawings

[0060]

FIG. 1 shows the configuration of a Low-IF multiband

...22_.




[0058] Since the invention provides the nultiband OFDM
UWB transmtting and receiving apparatus in LowIF
configuration, it is possible to easily generate

| ocal frequencies and decrease spurious signals.

[ 0059] These and ot her objects, features, and

advant ages of the invention may be readily

ascertained by referring to the follow ng enbodi nents
of the invention and appended draw ngs. Bri ef

DEBK 7R itoanchi Driavd agd r{dA6QhgRigparktB0NScdEing to an
configuration of a LowIF nultiband - 22 OFDM UV\B

eraedirant w§ she presinti igvepparat us according to an
enbodi_nent_of the present invention. FIG 2 _
di agr it | T A PFTERBACDIIY SHOFERI MR PoReiiT ePrtipe of

t 1Lting. and Vi tus. FIG
o T ehubhes P ShE etrad Wi org SR

conversgons iy diDMcLeeepLh Ot 31 Gdlifg BLGd AOW hBe
rel ati onshi p between an 0Origi'na prga € sequence
anrer sieantl ermequenee ibAt engesh 4 0 be detected. FIG
5is the circuit diagramof a prototype LPF. FIG 6

i s thEI€i rtuihowsi heanebitiordhipebetBRn & Grigiahows
a frequency response of the Hlbert BPF. FIG 8 shows
RHRETEORT PEURERTOMISH 2aPEBARP IR MAGHBRAALICRIIRANG be

dggégtggpd transmtter according to an enbodi nent of

FIG. 5 is the circuit diagram of a prototype LPF.

FIG. 6 is the circuit diagram of a Hilbert BPF.

FIG. 7 shows a frequency response of the Hilbert BPF.

FIG. 8 shows the configuration of a Low-IF multiband
OFDM UWB multiband transmitter according to an embodiment of
the present invention.

FIG. 9 shows the spectrumof a transmission IF signal when
the Low-IF multiband OFDM UWB multiband transmitter does not
correct degradation of the frequency response.

FIG. 10 shows a configuration example of the x2
interpolator. |

FIG. 11 shows a configuration example of the complex FIR
filter.

FIG. 12 shows complex tap coefficients of the complex FIR
filter as shown in FIG. 11.

FIG. 13 shows the spectrum of a transmission IF signal
;when the Low-IF multiband OFDM _UWB multiband transmitter

according to the present invention corrects the transmission
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the present invention. FIG 9 shows the spectrumof a
transm ssion | F signal when the LowI|F nultiband OFDM
UAB mul ti band transm tter does not correct degradation
of the frequency response. FIG 10 shows a
configuration exanple of the x2 interpolator. FIG 11
shows a configuration exanple of the conplex FIR
filter. FIG 12 shows conplex tap coefficients of the
conplex FIR filter as shown in FIG 11. FIG 13 shows

tire sSRREL F&NE 1 SSI | B s I t he
Cone B 1 b G e i b PRy P
acoppdengst o the present invention corrects the
transmssion - 23 |1F signal's frequency and renoves
frequenidy fldl dhnys torplondgnsals FiiGen lthes Mows IFogaltiband
signal s when the LowI|F multiband OFDM UWB nulti band
tOIFgﬁsz?tI@%ltalé@&dd tHINEWL iRy @ssedidinat to ughes embodiment

[ -1._band .a owmn in FIG 17. FIG 15 sho a
%rsggﬁgn ]ilouﬁ/enﬂtlh%??’g BFOI%]RO“Fbrmf FéGuehdy ho;pi \rl:g (FH)

used fpag . t n fi0 | on. as.sh i Fl G
L2, FIaC 16 sne St ARy L e 3R P Sremsahey
Mbizpidtpr(reni GSed Edrhené raQuaRaYy G 41943k 8R 44 shbéh in
14. FIG 17 shows an exanpl'e of "the frequency

BIGockti on defined in the multi band OFDM UVB

comuni cation system FIG 18 shows a configuration
exanpFéCof 16 heh@lis egurious signals resulting from 528 MHz

harmonics in the frequency configquration in FIG. 14.

FIG. 17 shows an example of the frequency allocation
‘defined in the multiband OFDM UWB communication system.

FIG. 18 shows a configuration example of the direct
conversion receiver used for the multiband OFDM system.

FIG. 19 diagramatically shows self-mixing of a local
signal.

FIG. 20 diagramatically shows a DC offset resulting from
the self-mixing.

FIG. 21 shows a configuration example of a first-order
high~pass filter.

FIG. 22 diagramatically shows the convergence time for
the DC offset step response when the high-pass filter cutoff
| frequency is set to 4.125 MHz in the direct conversion receiver.

FIG. 23 shows a conventional example of the frequency
synthesis block (group-1 3-band mode) for frequency hopping
(FH) used for the direct conversion receiver as shown in FIG.

18.
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conversion receiver used for the nultiband OFDM
system FIG 19 diagramatically shows sel f-m xi ng of
a local signal. FIG 20 diagramatically shows a DC
offset resulting from the self-mxing. FIG 21 shows
a configuration exanple of a first-order high-pass
filter. FIG 22 diagramatically shows the convergence
time for the DC offset step response when the

hi gh-pass, filter cutoff frequency is set to 4.125 M&
in the ‘dreéf ebrversitigaldreshers FaGe 23680V dixer

cg j onal exanple of the frequency synthesis bl ock
(g?%ﬁﬁg%éﬂ%fband.nnde) for frequency hopping (FH) used

for thezdiresgtgcanversion receiver as shown in FIG
18. - 24 FIGSZ%d%aé?gﬁﬁ |c%?‘r§géﬁ8\‘ké°{1n%’@%mple of the

r BpeclE areqaixer. operations. FIG 25 shows a genera
configuration exanple of the LowI|F receiver. Best
Mode for Carrying Qut the Invention [0061]

Enbodi nrents of the present invention will be described
iRt Moder £aEt Grrryiingh Onsf the ntrevdrtitdhe  acconpanyi ng
‘#ﬁ@@lﬁgs- [0062] A LowIF systemreceiver is known as
neans 'to solve the DC offset problemin the direct

converghonLeceiver. For _exanple, the Low|F system
i s described in "%omﬁF?p$858PBg&%¥?ntl°n will be described
in further detail with reference to the accompanying drawings.

[0062]

A Low-IF system receiver is known as means to solve the
DC offset problem in the direct conversion receiver. For
example, the Low-IF system is described in "Low-IF Topologies
for High-Performance Analog Front Ends of Fully Integrated
Receivers" (IEEE Trans. Circuits Syst. ITI, vol. 45, pp. 269-282,
Mar. 1998)" written by J. Crols and M. Steyaert.
[0063] |

FIG. 25 shows the general configuration of the Low-IF
receiver. The Low-IF receiver in FIG. 25 converts a reception
signal into an intermediate frequency (IF) using first complex
local signal frequencies cos(2f.,t) and sin(2f.t) differeﬁt
from the reception frequency. During the frequency conversion,
an intended signal and an image signal on both sides of local
frequency LO1 appear in the IF. The Hilbert band pass filter
(BPF) is used as an IF filter to remove image signals. The
receiver then amplifies the IF signal, AD-converts it, performs

a digital process to convert the frequency using the local
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for Hi gh-Performance Anal og Front Ends of Fully
Integrated Receivers" (IEEE Trans. Circuits Syst. Il
vol . 45, pp. 269-282, Mar. 1998)" witten by J. Crols
and M Steyaert. [0063] FIG 25 shows the genera
configuration of the LowIF receiver. The LowIF
receiver in FIG 25 converts a reception signal into
an internediate frequency (I F) using first conplex

| ocal signal frequencies cos(2f,,,t) and sin(2f,o,t)
df ¥9eérlentnd f eoniatie tbeepti ahgialequency. bAxbArH 1Qnal .
f{ ?ncy conversion, an intended signal and an i nage
S @ﬂ%l on both sides of local frequency LOL appear in

the I'F [l bert ban ass filter (BPF) is used as
an IF 11 Ill:?g? aémreéfrmg?ee?* ger SYFTamsconmea tsy Beeingseption
tdignadnPhdd 1163 ot PRe | ' L, AD-converts it,. perfQrns
a digital pﬁbcgss ?dﬁ%gkgggfnfﬁé %&@&ugﬁ%Q ?ﬁﬁﬁ%?%?ﬁ@g of

Itheal ocal25igisd geahse aRdpe QJIMaEES S| i
baseband signal. [0064] In thisJﬁggﬁgﬁfé%%gfk%ﬁgﬁgrgted

bpsppne ddwyv drequehei eecapt hpart signakaACStidt 0 kBl Fo
trggnggy” Even when self-m xing of the |ocal signa
CHOERECA Spenat f etioynd mgarbeheds),| yheebaratdt does not

Qﬁg@g&grthe f%ﬁguencies are apart from each other.

&'hce ho "1t SAded SgReIsiaaloy Rurhler, the IDE-IheyPEm

BT S SRRt BAILVSRMAD LGN SORET e
§f@:{1£drﬁ:yb@£ﬂﬂ§ﬁs_ trheml Q@lre%iem.]_?%n Eﬂeﬁiﬁﬁﬁncy giihfifse{rs
fromthe reception frequency. This w1l bé |scustJeJdbe
#¥sqrpseddét andrd atesraill 0065} .

[0065]

The Low-IF receiver causes a new problem. That is, it
requires the Hilbert bandpass filter and a second local signal
that are ﬁnneeded for the direct conversion receiver.
[0066]

To AD-convert and remove a DC offset and an image
frequepcy signal unchangedly, it is necessary to AD-convert the
DC offset and the image frequency signal as well as the indented
signal. In this case, sampling an IF signal makes it necessary
to increase the sample clock rate of the AD converter.
{0067]

The present invention solves these problems of the Low-IF
receiver and appropriately applies the Low-IF system to the

multiband OFDM s'ys tem.

[0068]

In this context, Low-IF (low~intermediate frequency)
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The Low | F receiver causes a new problem That is, it
requires the Hi |l bert bandpass filter and a second

| ocal signal that are unneeded for the direct
conversion receiver. [0066] To AD convert and renove a
DC of fset and an inmage frequency signal unchangedly,
it is necessary to AD-convert the DC offset and the

i mge frequency signal as well as the indented

signal. In this case, sanpling an I F signal nmakes it

segesBidy theO usBCbEAg el &N raiRke: SEOCK-J AR Qf (bhp AD
converter. [0067] The present invention solvesS these

sEbbY@hmntoftot behbdfr ¢ F tlree t@inde tnaduth £IP pIr0 Phicatrebyuency
gpglies the Low|F systemto the nultiband OFDM
YEPER - [ BRSSP LAPRRY ORI UERt sydtew LF FIG. 17 uses the IF

i nt ' f - 26 i fi th
6Oy PR T el PR ARES o6 #)° Reqd i el b
H@ﬁﬁiﬂq ggg%uggggkkpterval in the frequency hopping.

an

The miltib UMB systemin FIG 17 uses the IF
foegprency of 264 MHz that is a half of the band

interval (i.e., hopping frequency). [0069] FIG 1
showsFIke kaifawgurchei oonof gwrdtdwnl 6rnayl Loband multiband
OFDM UMB transmitting and receiving apparatus

L UHBNEr ans it tiaghartl meseiving keppreseatadanrelihigoto an

e ep o e P s S b e cop e
féféﬁﬁﬂ%éiéﬂt t§o£gesgggéi€%gg %ﬁkﬁggg%g% a %’?gtggg¥%alent
to the transmitter. Both share one antenna via an antenna
switch.

[0070]

FIG. 2 shows only the receiver of the Low-IF transmitting
and receiving apparatus. With reference to FIG. 2, the
following describes in detail the Low-IF receiver according to
the present invention.

[0071]

It is assumed that local signal f., is 264 MHz higher than
the center frequency of the reception signal and that the IF
frequency is -264 MHz. The product of the multiband OFDM_UWB
syétem's-sub—carrier frequency (4.125 MHz) multiplied by the
FFT size (128) is 528 MHz. Accordingly, the baseband bandwidth
is 1264 MHz.

[0072]
To prevent the frequency folding (or AD converter

aliasing), the sampling frequency for AD conversion needs to
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switch. [0070] FIG 2 shows only the receiver of the
LowIF transmtting and receiving apparatus. Wth
reference to FIG 2, the follow ng describes in
detail the Low IF receiver according to the present
invention. [0071] It is assunmed that | ocal signal fw,
is 264 MHz higher than the center frequency of the
reception signal and that the IF frequency is -264
MHz. The product of the nultiband OFDM UAB systen s

bebladnei Bre §iegaedeyqidnd25 Mzl fadd tphv e dh Fh€eiver
FFT size (128) is 528 MHz. Accordingly, the baseband
BaAEVHR [Fhej samBlingHE re fia@7@} oFo5p8 elent Bhechteguencyhe

oId|n or AD converter aliasing), the sanpling
P‘éq%%8§ef‘6‘?r BOLRB RN 1T direAensy 10f -294Mip@rgrabee the

| frequenc The di ct _conversion receijver
g%l%gggiuenc nbtiHg ¥ ]¥§hu3%§yM%?'%ﬁé)ﬁﬁf apy therefore

6 m | F, r e IR fr ney, o
L i AL OM e L s

pﬁd’&dh‘HZ o £bIMdz tand phesei0r @hel 8AMRd @R Mkh e§9<5TP;hé @Q/D
frequency of 1056 MHz. This is a first problem To
%QﬂWﬁ;ﬂ#ﬁmsupxmwlkahfthe eabpdimgntrepprheypsi D 528 MHz

onversion using half the sampling frequency, i.e.
é?%l tel(‘ffénaf G eFaf resfueneiesr Lo shadinsquentprhadpe ng

P ISR L OPPRIL ALY ROGUELYP! 155 1 e Treavency
[0073]

FIG. 3(a) shows the sampling freguency and how the
frequency folding occurs. FIG. 3(b) shows the relatioﬁship
between the OFDM signal and the sampling frequency before A/D
conversion. FIG. 3(c) shows the relationship between the OFDM
signal and the sampling frequency after A/D conversion. It can
be understood from FIG. 3(c) that, after A/D conversion of the
OFDM signal, the frequency folding changes the sub-carrier
sequence but all the necessary signals are AD-converted.
[C074]

The OFDM modulation system performs FEFT to transform the
time signal into the frequency domain for reception. The
sub-carriers can be easily sorted after FFT. Since the FFT
originally performs a sort operation, no special process is
needed (e.g., see AGUI Takeshi and NAKAJIMA Masayuki. "Using
FFT." SANPO PUBLICATIONS INCORPORATED, 1981, pp. 76) Sorting
sub-carriers is equivalent to performing the frequency

conversion. Accordingly, the embodiment differs from the
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FIG 3(a) shows the sanpling frequency and how t he

frequency folding occurs. FIG 3(b) shows the

rel ati onship between the OFDM signal and the sanpling

frequency before A/D conversion. FIG 3(c) shows the

rel ati onship between the OFDM signal and the sanpling

frequency after A/D conversion. It can be understood

from FIG 3(c) that, after A/ D conversion of the OFDM

sig the Erequency fol di ng changes the sub-carrier

sequence &Iqw‘gﬁermlé@aﬁl sbpgnalnSFBE.€25 and eliminates

AD: 4] The OFDM nodul ati on system

perlg(grrrs ngﬁr %ﬁa]%ﬁ‘fﬁ’t RENVeFHeONsughay & ntecdrte local

f regency dOﬂHI n for reception. The sub-carriers can

be easily sorted after FFT. Since the FFT originally

pefF5i5ds a sort operation, no special process is

needed (e.g., see AGU Takeshi and NAKAJI MA Masayuki .

"Us| ng SFHERCY @mmmpmu@%mx@ﬂsabmp%g%e ]e%%%dlment
c?{ﬁ)ﬁS@rtmg sub-carriers is equivalent to .

per 0 (thf:ﬁge‘flF@GL@WSMV@&MatMﬁWf@h@E&M@aEdW§FDM

e nt .diffe fromthe - 28 conventional Lowl
rggg%jeg aggs 5 Pﬁr FIFQE‘dQ?rh@n@‘J?eMlmmiaOEEM Etj,hﬂ:erireedes a
f preihisr d 1R ersi gn using a second | ocal

si gﬁal [OO%H)QH%% %EQL&\XPF?Q?%W -ac&bedpnepmble

t se¢lmnentieduge necha}cn %@(ﬁ%&ﬁﬁég’dthﬁ e %gggﬁgég%%@?n is

denodul ati on of nul ti band Si gnals
hedier < tiade inuthé baime Gawlﬁyﬁii‘éﬁb&@%%&orﬁ.ﬁﬁg"%?e FFT. TIn

uence for packet synchronization. The pr
tglf%c‘f’é’r A8, désfifmreatdy themptiesi memehabehNSortion, the

wera%bﬂtelsoe%ule%ce is free from sorting by the FFT, Accordingly,
it is impossible to detect the correlation between the received
._preamble Sequence and a known preamble sequence. To solve this
problem, the embodiment employs the preamble detection method
that uses a sequence resulting from previously multiplying the
original preamble pattern by the IF frequency to ensure the
correlation with a reception signal.

[6076]

Since the preamble is a real~number signal, the original
preamble sequence is multiplied by a repetition of +1 and -1
resulting from sampling cos(-264 MHz) at 528 MHz, where
Cos(-j264 MHz) is a cosine wave component of IF frequency
exp(-j264 MHz) . Consequently, the synchronization is obtained
by ensuring the correlation between a reception signal and the
sequence resulting from multiplying a repetition of +1 and -1

by the preambile Sedquence intended to Be detected.
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detected in the tine domain wthout perform ng the
FFT. In other words, differently fromthe frane data
portion, the preanble sequence is free fromsorting
by the FFT. Accordingly, it is inpossible to detect
the correl ation between the received preanble
sequence and a known preanbl e sequence. To solve this
probl em the enbodi ment enpl oys the preanbl e detection
:ﬁﬁdygq] that uses a sequence resulting from previously
tipfying the original preanble pattern by the IF

frequengy; t ure the correlation with a reception
signal.:%%O%6§H§T%C%P?iﬁ?ﬁiﬁé&ﬁﬁhépi%ﬁ?ﬁﬁe@aﬁnngnb@inal

Sipgaahblé e RfdnGi=n r l.e sequence is nmultiplied
by a repetit%ﬁﬁ?ggfgé% gﬁgﬁgﬁ&ﬁfeS%ﬁP??ﬁFf%QEﬂqgéﬁpFPn@e

cdste@6dd MHZn atrc528, Mizsrhene: Cos(-j.264 MHz) is
cosi ne wave conponentw%% I%ggf}eaﬁeﬁgé éé%aﬁ?ﬁlzéﬁeﬂﬁgse

. SEBRRRUenPhytenhE (sFACHNI 28t 100 deuBRER 118D ndl¥ to pe
egsgrin%ithe correl ation between a reception signa

“and THEY Segikhdy £asnmulsgpl yony nubépot Miitg af +1 and -1,
- repgidition of +1 and -1 by the preanbl e sequence

i ntended to be detected. - 29 [0077] FIG 4 shows the

rel ati eRshidi, ; ri.qipal reanbl e sequence
and a preanbfg%gggggﬁ§£n€ﬁ?%%@é&c?gvﬁ€ refetigEsed. Hipbert

FiaBdpdsspat lesm thatS i5hgnRLL 4 reamhl e sequence.,
Pattern 1(-264 MHz) s the §%%ﬂgﬁggtlﬁ?§ﬁﬂ%%Ft ygrsion

dersderetiseesbbvieng fihemsabdi AlsytH% Gndv8PeLiLion of +1
and - 1. %0078] The Low | F mul tiband OFDnﬁ‘é‘e%%ié\g’é“%onents
rcé‘d‘ﬁreije%i’ hej frguency conversion from the reception signal.

There is a known method of using a gyrator to connect the same
two real filters so as to realize a Hilbert RPF {also called
a complex filter) having the -264 MHz center freque.ncy and the
528 MHz band (e.g., see J. O. Voorman. "The Gyrator as a
Monolithic Circuit in Electronic Systems." Ph. D. thesis, pp.
83-103, University of Nijmengen, 1977).
[0079]

FIG. 5is a circ_uit diagram showing a Prototype LPF, FIG.
6 is a circuit diagram showing a Hilbert BPF. A critical problem
is control over the center frequency. In FIG. 6, each of five
gyrators connects the same two real filters with each other.
The following equation shows values of transconductance G,C,
corresponding to the gyrators.
[0080]
[Equation 2]

S 2 38 eeesmoem st ee se e o o
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bandpass filter that is unneeded for the direct

conversion system (see above). The reason is to

renove image conponents caused by the frequency

conversion fromthe reception signal. There is a

known net hod of using a gyrator to connect the sane

two real filters so as to realize a Hilbert BPF (al so

called a conplex filter) having the -264 MHz center

frequency and the 528 MHz band (e.g., see J. 0.

\OfBadNn. "The Gyrator as a Monolithic Crcuit in

El ectronic Systens." Ph. D. thesis, pp. 83-103,

Uni verksi ttyii@femilfjtn'r@tmgemg O TRE. céROID]feliGenbyj 0 Ais the

giﬁ ui am showi ng a prototype LPF. FIG 6 is a
%F&FH skolw hg BhHiRIRtAtyBPFLPRA' £rilisneak value;

.S _contr over the center frequency. In FIG
’,“ g;r? of Pfl@(éon‘gﬁtaﬁr‘&lesteoﬂﬁ%%]f%”t%é"cs afed t @6 rienlthe

Ekgﬁge&ldﬁééan%awo%@@erml g 1 oldauing edug %. on shows

val ues of transconductance dndi to the
gyamt oorsiudtlddn)is pRepattiionalts 89 +:hA08 o4 Qlwlaﬁd d the

equation, wo is the center frequency; coc is the

ofridnt bamtienRehd ial dtienphopobipey LS &Cﬁlmrﬂefn is

éiF Gmis the trans conductance to determ ne wc;
Céeé SPsaSt € PEGEHRSCHR dIEEAREera bl @l BEEHEPNEaEoand G,

e trans conductance i s proportional to
QﬁQEF; nS|s?cﬁ° |a?egﬁn%F?WﬁgechPFEﬁ?n Wrehrepeistor size

{f?.SEESPEE£§§$?rg?gégﬁmaﬁ§é f%bg?g%%%l. g%gfgiégbrlcé%e
the Hilbert BPF as an integrated circuit and simultanecusly
control the center frequency and the band. Since the embodiment
provides the same absolute value for ®o and w¢, the prototype
filter is designed so that Ref, becomes a simple integer ratio.
[0082]

FIG. 7 shows a frequency response of the Hilbert BPF
according to the embodiment. When a cutoff frequency is aligned
to the center frequency, the center frequency and the band can
be controlled simultaneously.

[0083]

The multiband OFDM_UWB system has +64 sub~carriers, i.e. A
128 sub-carriers in total. Of these, the sub-carriers up to
the t56th are used for data transmission. Important baseband
frequencies are up to 4.125 MHz x +56 = +231 MHz. Since the
IF frequency is configured to be -264 MHz (see above}, the range
of -264 £231 MHz (= -495 MHz to -33 MHz)} is an important signal

band for the IF frequency. When a capacitor is serially
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an integer ratio can be provi ded between the
transi stor size and the current. This nakes it
possible to easily fabricate the Hilbert BPF as an
integrated circuit and sinultaneously control the
center frequency and the band. Since the enbodi nment
provi des the sane absolute value for wo and wc, the
prototype filter is designed so that Ref" becones’a
sinple integer ratio. [0082] FIG 7 shows a frequency
Hespohse tofart hetpit Heoh tBRMm a6C 06 HsNd +8nth€a DC offset,
enbodi nent. When a cutoff frequency is aligned to the
EBAL BT feut@ifén Eysqudreyc ennebe fs@quenappandintzie 1lpand Muz.
%g be controll ed sinmultaneously. [0083] The
|Pi’b%nta”@1t>ﬁh€1v®t%@/slf%%ﬂq@§§ 64ng ubs capmosimatele. 30

riers _in O, these, the sub-carriers
$g§°§‘y@° C?g 6? cordm d fl(gr laa{-"ﬁsfjr]%l]rf'srﬁos§ﬁ5ﬁs Y the

up to 5 are

k iféiﬁgntb@§ i Se
Sre S e ?‘%?ﬂ‘ge“@f EEORAE e R e apB R bty

- bE10 264 thezokme s yabey &) imd Nephabeenadlly %@4n§§&s é\é‘gr(d-s)
-495 Mz to -33 MHz) is an inportant si'gnal band f
EHB4IF frequency. When a capacitor is serially - 31
i nserted to an output fromthe m xer so as to renove a

DC of F é%t thew sHbpe caef f9ureddivaney &ahowd Betltdband
%bss Miz. At this tine, the step response
t| msr 'S appr §F9S%tt%ﬁ§§é?66h8§ tonédorlpeinent ©of

ﬂ@ @,Qggbggelﬁ@er&ay sfy the requirenment of limting
the step response fime to approxi mately 1/10 of the

[@@eBR synbol tinme (approxi mtely 30 nanoseconds)
[ 0084]

The Low-IF configuration necessitates generation of an
OFDM modulated IF signal. As shown in FIG. 8, the IFFT is
performed for a baseband signal as is similarly to the direct
conversion. The complex multiplication is performed for the
signal and IF frequency exp (-j264 MHz) before the DA conversion.
In this manner, the Low-IF configuration can be easily
implemented.

[0086]

The multiband OFDM system using. a direct conversion
transmitter performs the DA conversion at 1056 Msps to easily
eliminate the frequency folding. By contrast, the Low-IF
configuration necessitates the DA conversion at 2112 Msps
because the IF frequency band ranges from -528 MHz to 0 MHz.
To solve this problem, the embodiment performs the DA
conversion at 1056 Msps equal to that for the direct conversion

transmitter to compensate the frequency response degradation.
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FIG 8 shows the configuration of a LowI|F nultiband
OFDM UMB nul ti band transmtter according to an

enbodi mrent of the present invention. [0085] The
Low | F configuration necessitates generation of an
OFDM nodul ated I F signal. As shown in FIG 8, the IFFT
is perforned for a baseband signal as is simlarly to
the direct conversion. The conplex multiplication is
performed for the signal and IF frequency exp(-j264
Yolog7pef ore the DA conversion. In this manner, the
Low | F configuration can be easily inplenented.

[ 0086]FIThe Snshdwdhand rQhDM SySdeMrUshBHa R Shd@Ghim when no
conversion transmtter perforns the DA conversion at
o556 NEYY! L8 Megdlsi tg thelfiinsianatey tiespbnequeroypdhol oh ig. the
Eﬁ contrast, the Low|F configuration necessitates

& BATEORYR?RG OFDY: UBH wolkiband feeasmbt E¢ve. |The spectrum

n rapges_from-528 Miz to 0 MHz. =~ To

haF e _ﬁ/%g%?%EF%?ngr%%telceﬁjB%dﬁonEhf PeFPoras-the gperture
éﬂﬂ&\/@cr..s!@@c&_tdi]l%i@,'\/gﬂé ﬁ%l(jﬁlenzzg lgg}?c} b%%ﬁe%ge—S(yBr ft ang
conversion transmtter to conpensate the Treduency

0 eipons eodefradbht Qs a 3AdiEROS afpfox SNOMS1 8. The
transmi ssion | F signal spectrumwhen no corréction is

Featelene vt frel dFingoemress rekpoingd ydegrgdamh Ditide t&ponents
Low | F nul ti band OFDM UVMB nul ti band transmtter. The
heber BaRdhRetieensrhes ¢ Hiizaendr r05¢ Milre and bhtwdm 528

ﬂ§?%§ﬁtfﬁéé erture effect.. Accordingly, the
requency™ band bet ween -528 MHz and
[0088]

A sub-carrier power level compensator in FIG. 8 changes
the amplitude for each sub-carrier préviously to the IFFT In
this manner, the frequency response can be easily corrected so
as to flatten the gradient of approximately 4 dB. Another
correction method is to change a double interpolator (x2
interporatot)} to a complex FIR filter. This method can perform
the interpolation and the frequency response correction at the
same time.

[0089]

As shown in FIG. 10, the x2 interpolator is composed of
FIR filters. These filters are changed to complex FIR filters
as shown in FIG. 11. FIG. 12 shows complex tap coefficients
for the complex FIR filters.

[0090]
A third-order Hilbert BPF can be used to remove frequency

folding components. FIG. 13 shows the spectrum of a
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O Mz is not flat but has a gradi ent of approxi mately
4 dB. The frequency folding causes relatively |arge
anpl i tude conponents in the bands between -1584 M1z
and -1056 MHz and between 528 MHz and 1056 MHz.

[0088] A sub-carrier power |evel conpensator in FIG 8
changes the anplitude for each sub-carrier previously

tothe IFFT In this manner, the frequency response
as to flatten the gradient

caprglesm%%ssij%l orrected so
of ~“appr oxi el A1gmLl Afienhehe bow+ER tivdn ivehBookis U

t aenangs 2 e interpolator (x2 interporatot) to
a conplexdFFgg#?+%%§?r'fﬁFgrﬁé?%o%P(ﬁﬂ? pEeBenm invmntion
I tereetat kaR apg.dhe f;requency response correction at
tlrﬁi;a same tine. [008%]81,8@ gﬁosy rll% Pl Grefgenther i removes
| Mrsgpehayofol dimpraagederfs. FIAR fdlters, T e

filters are changed to cgnp?ex FlgeF%IFEPg P%%‘éﬁ%mﬁhe DA
i ITORVErte1! s RIGrtlzeshofnctc asphoxd tap eebbicignts., quenc
f%% t he c%ﬁglex FIRfilters. [0090] A third-order Y
Hi CBBFY S BPELRAR W Tuséd the smammee, fa émuemqu&ﬂggispgctmm

CRHROHE NS 4 sH 13 shows the spectrumof a - 3
transm ssl on | ‘signal when the Low I F nultiband OFDM

UyBoomul ti band transmtter according to the present
invention corrects the transmssion IF signal's

Lo S T gScek LSRN B R s ane
ePHRBEUWBs myd sdbend caramaadi ttbe LECSMENY to the embodiment
uses a groupe-1 band as shown in FIG. 17. As shown in FIG. 14,
local signal f,, is 264 MHz higher than the center frequency
of each band. FIG. 15 shows a frequency synthesis block for
frequency hopping (FH) used for this frequency configuration.
As shown in FIG. 15, the frequency synthesis block can divide
the reference frequency obtained from a single oscillator (e.g.,
TCXO (temperature compensated crystal oscillator)) and
synthesizes (adds or subtracts) frequencies using a mixer. As
will be understood by comparison with FIG. 23, the frequency
synthesis block in FIG. 15 decreases the number of dividers and
SSB mixers and easily generates local frequencies.
[0092]

FIG. 16 shows spurious signals resulting from 528 MHz
harmonics in this case. As seen from FIG. 16, no spurious signal
occurs in group 1. Accordingly, the RF bandpass filter can be

used to easily remove spurious signal components.
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response before IFFT. In this manner, a flat frequency
spectrum can be obtained. [0091] FIG 14 shows | ocal
signals when the LowIF rmultiband OFDM UWB mul ti band
transmtter according to the enbodi nent uses a

groupe-1 band as shown in FIG 17. As shown in FIG

14, local signal fo, is 264 Mz higher than the

center frequency of each band. FIG 15 shows a

frequen nt.nesi s bl ock for frequency hopping (FH
used fo?X?%%/%n’ra eﬁ‘ﬁ@gt’ﬁa@c’rﬁﬁYgur ation. As shown in
Fl@o9k9, the frequency synthesis block can divide the
ref erence frequency obtained froma single oscillator
(e.g., ThER(Chit eymeerdd ted crystal . ]
oscillator)) and syntéliérelgibz%ggl3 g% glgrtﬂk%BF?%%‘i%)mventlon
f MeéGhenefexenesi ng ahai ¥psci AT MbbhiRe,dnderstgod by
c%ngggl ston with FIG 23, the frequency 'sy_n hesi §° M€
bFEEk PA-H Bpdessead basemstchek NLIREE nOfhdb Yt 4818 08 ous

S ] xers .and, .easily generates |ocal frequencies.

[ gg%‘ggfé(%ﬁ‘&d “féhsfﬁé?ﬁél%ﬁ AnEUsUles Gitaltd onestd st bBGnddeORh the
580 diane hay, Pl in_this case. As seen fromFI G 16,
No Spurious. si gn‘gﬁs degéﬁgﬂgi gy bl spirAsceordisngbyg, of the

tiheeRntbandpassof i | tef,can bg used to easily, renove
spurious signal corrpor?écntég.’ Eh%frﬁ%d’l}stll‘li‘%{lzlon has been

i d logei| 'asye*@@ﬂa]fizae&snhasﬂ;éeecrgmq%%%gi di%}ibinsth
e

detail the present invention wth reterenc

sPECieabitodihren nbt be trotdi@reticst FBSE Yotively. The
%%d%rﬁtg()d bjy those skilled in the art that variods
pended claims should be taken into consideration for

evaluation of the gist of the present invention.
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changes and nodi fications and substitutions may be
made in the enbodi nent w thout departing fromthe
spirit and scope of the present invention. That is,
the present invention has been disclosed as
exenplification. The contents of this specification
shoul d not be interpreted restrictively. The appended
clainms should be taken into consideration for
eval uation of the gist of the present invention.
C ai neldiméd radi o conmuni cati on apparatus which uses a
| ow-internedi ate frequency to receive a nultiband OFDM
signal for hopping a center frequency at a specified
Sand interval, said apparatus conprising: frequency
onVeraeR REERYN: Rt iBhwePeratuS wiHicghubeegaency
eption- sigpal_into a lowinternmediate frequency.
g?@réﬁ%er éé%ﬁ%é?@ﬁ%ﬁ?“ﬁ@dﬁ%rFS?lE%ﬁV@P%F¥EF%F FDM signal
EOWH i f i.gnal. i nt igital
signéﬁkﬁggﬁg(gﬁgﬁgkgﬁgggg&yaéﬁlFn%? %ﬁﬁ%fgng?gdaﬁﬁF?ﬁﬁi%’
sleid diplpat-b 00s NBdiS fs@hggonverting an AD-converted
OFDM signal on a tinme axis into a sub-carrier along a

f r equéneguersyi sosveasion menformrf astvepeaiy Wwm

anal ysis, wherein said OFDM denodul ati on neans sorts a
eirdreauercy sipsepiionesioenhnges dudovoihrequehiate
Ef@ %Ln caused by a sanpling frequency during AD
corversy ofr Htter performng said conversion so as to

Do A RS5OSR B ShBe il B0 Sncommetia
aryuehcy astqdzauringt Eréf§IEan§ﬁ%Egl'u@@ﬁ&lénspecified
sampling frequency; and

OFDM demodulation means for converting an AD-converted
OFDM signal on a time axis into a sub-carrier along a frequency
axis so as to perform fast spectrum analysis,

wherein said OFDM demodulation means sorts a sequence of
sub-carriers changed due to frequency folding caused by a

sampling frequency during AD conversion after performing said

conversion so as to perform fast spectrum analysis.

2. The radio communication apparatus according to claim 1,
wherein any of fast Fourier transform (FFT), wavelet
transform, and Hartley transform is used as said conversion so

as to perform fast spectrum analysis for an OFDM signal.

3. The radio communication apparatus according to claim 1,

wherein said frequency conversion means mixes a
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transform and Hartley transformis used as said
conversion so as to performfast spectrum anal ysis
for an OFDM signal. 3. The radi o contmuni cati on
apparatus according to claiml1l, wherein said
frequency conversion neans mxes a - 36 reception
signal with a local signal to generate

| ow-i nternedi ate frequency signal. 4. The radio

conmuni cati on apparatus according to claim1, wherein
SHGEPrtieguehaalconvdr si bocakaniyrRilXes geh€ELns i On

ignal wwth a local signal having a | ocal frequency
leog’r‘ﬁnF?Bﬂ?%lart@céﬁteiqeﬁnweaw@dy by hal f of a band
interval for frequency hopping to generate a

| ow-i nternedi ate frequency signal conposed of a

lsQw irAL ex sredi hal f sai d_band,. interval,

5. The radio ?g%mn’r%ﬁlggg??%yn aa?ﬁﬁé:rag Bs2 At Silalm L
cl ai mvherewhesgid ﬂréqz@ﬁ\e?r bRt FEANS r2anR! fiZx ﬁag og
signal s using a sanpling frequency tw ce as high as
garertow isnyesbeditat @ 1écequenayl Havithea B8 frequency
conmuni cati on apparatus according to claim1, wherein
AP EbAFerst sRCchRBIRN $arplescuibal oyl S bgrabandsimg aal for
?9 ldng tre uency eqeui valent to a band interval for

r%guen y ﬁngPﬁg.oﬂ P& teadi bo¢oiRfiATimestiiass frequency

a r.di o.claiml, further conprising:

o BREP B Lok s L Aoy H i Tkt ceddahand
inedearssa1n an | ow i nternedi ate frequency signal
frequency-converted by said frequency conversion

nmeans.

5. The radio communication apparatus according to claim 1,
wherein AD conversion means samples analog signals using

a sampling frequency twice as high as said low-intermediate

frequency.

6. The radio communication apparatus according to claim 1,
'~ wherein AD conversion means samples analog signals using
a sampling frequency equivalent to a band interval for

frequency hopping.

- 7. The radio communication apparatus according to claim 1,

further comprising:

an lntermediate frequency filter to remove unnecessary
waves in an low-intermediate frequency signal

frequency-converted by said frequency conversion means.
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- 37 8. The radi o comruni cation apparatus according
to claim7, wherein said internediate frequency
filter conprises a Hilbert bandpass filter forned by
using a gyrator to connect the sane two real filters
with each other. 9. The radi o conmuni cati on apparat us
according to claim@8, wherein the sane absol ute val ue

is used for a design frequency of a | adder-type
| owpass filter as a real filter and for a center

Br.equeacyadfo $ahfluti &befdn %@@QFQ%ﬁsféééafdi% fég claim 7,

integer ratio is used for an“el enent value

Iaddem&bypén $Hiﬂ(ﬂEEBEméﬁiééﬁ-ﬁﬁH%ueﬁhﬁ ffﬁﬂé} comprises a

conmuni cati on apparatus according to claimS8, erein

Ehtborgihmidpgseff bl rrec dptrined By aneinignel gxdes.or to connect

Eﬁeanble conposed of a known sequence; and wherein
Brifhs Tor £Ret providedithesaphecttiact i on  nmeans

for detecting a preanble in a reception signal using a

sequence resulting fromnmultiplying said known

pr et 6248 89HEREE 1 .S al |0t ernedi,ate frequenc
togetheré 11. A rad?%%égﬁn%ﬁkggﬁ+%nE%%%%Pﬁ?%stﬁﬁggjﬂl%’

uses aheleiv itiheekBREi @bSofUEIAURNGY §9 HELLIMR & design
mul ti band OFDM si gnal for hopping a center frequency
Brequengycd ff Relhdsimmd tiype eronadpaswheilaiar saiadreIpal at&is and
m xes a reception signal with a |ocal signal having a
f9c& cepregm ugpayrtof rvhda Hidbept i andpiseqfithey dnd an
fH%J é%f a_band interval for frequenc hopgin to

genarat 82517 b iUTEEr FRYi AR ecFemRiife e8| ghat égpe
ﬂybg%t§§ﬁ kpyed nternedi ate frequency half said band
interval.

10. The radio communication apparatus according to claim 8,
wherein the beginning of a reception frame includes a
preamble composed of a known sequence; and
wherein there is further provided preamble detection
means for detecting a preamble in a reception signal using a
sequence resulting from multiplying said known preamble

sequence and said low-intermediate frequency together.

11. A' radio communication apparatus which uses a
- low-intermediate frequency to receive a multiband OFDM signal
for hopping a center frequency at a specified band interval,
wherein said apparatus mixes a reception signal with a
local signal having a local frequency apart from a reception
frequency by half of a band interval for frequency hopping to

generate a low-intermediate frequency signal composed of a
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12. A radi o communi cati on apparatus which uses a

l ow-internediate frequency to transmt a nultiband
OFDM signal for hopping a center frequency at a
specified band interval, said apparatus conpri sing:
OFDM nodul ati on neans for converting each sub-carrier
along a frequency axis into a signal along a tinme axis
by perform ng conversion reverse to spectrum anal ysi s
m@thut changi ng a baseband; |owinternediate
freqUenty het 13t ifcaarencreamst forid bahti phyedngia

| ow-internedi ate frequency and a transm ssion signa
after being processed by said conversion reverse to

t j t t
oM Mot el T At S 6 cHbbay Sgal | DA

cdoveistermdtEans fAqers i-ng L STEd ale,
frequency signal i nto an\"z%al ogngﬁn%%\é?muuqsﬁlr?ﬁng S signal

speEi horrings anpéitney firequeney; a@ngd sF;E@Qf'}?&P)ban interval,
convgr3|on means for converting a [owinternediate

f PBYUeHBPEitgRaFormEbsindri gh- frequency transni ssion

si gnal ._The radi o communi cati on appar at us
accordpﬁéﬁt%P 4iﬂqﬁ°f2?eaﬁﬁef%ﬁrFQﬂY@r@ﬁngnwxmhmsdhxﬂarrier

FOLsA Ll tealst |.FFT) . inverse wavel et transform
and igﬁ\?er seel—laﬁsfne%/x 5 &)ﬁllstfjof"nﬁ‘%na]u%d’ngsas*ail@e axis by

CEWRITHiag E6YEL S drD um anal ysis. 39. 14. The
radi o cénnunicationnasgggg%%sggépé?%Fﬁﬁ PBALY S n vt hout

fehrangéngcanpasahiaigl; sub-carrier power |evel
conpensation neans for

low-intermediate frequency multiplication means for
multipiying a low-intermediate frequency and a transmission
signal after being processed by said conversion reverse to
Spectrum analysis together to generate an OFDM-modulated
low-intermediate frequency signal; .

DA conversion means for converting a low-intermediate
frequency signal into an analog signal using a specified
sampling frequency; and

frequency conversion means for converting a

low-intermediate frequency signal into a high-frequency

transmission signal.
13. The radio communication apparatus according to claim 12,
wherein any of inverse fast Fourier transform (IFFT),
lnverse wavelet transform, and inverse Hartley transform is

used as said conversion reverse to spectrum analysis.
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correcting an aperture effect in said DA conversion
nmeans before converting a transm ssion signa

reversely to spectrum analysis. 15. The radio

communi cati on apparatus according to claim 12,

further conprising: a conplex FIRfilter for

correcting an aperture effect 1in said DA conversion
nmeans after perform ng conversion reverse to spectrum
a Si . The radi o _conmuni cati on appar at us
ag%io%?ﬁ% ‘gagh& P, St QP fR 2 TadWT Retompdinghepedlmin 12,
safivkthie@qUBRSEY: SONMEr Si on neans generates a

hi gh-frequency transm ssion signal by mxing a

| ow i nt subrediratierf pEepase N [ i.1.h. a local signal.
115 TheQ(adio conn%nicat%%ﬁﬁa%gg F u%t%?cgﬁﬁpﬁg§?%
cIETHFER1INg vireragiemtare oneE faderifediaatiep r&gugﬁgx i gna

ig %ongosed of a lowinternedi ate freq%ency aIPEa sans
bafd° T Nt VAL tiBe a frapsmiesidoppyngl x@ﬁ@rwg@?e&dﬁsﬁ@&@'mm
fgggyﬁgﬁy conversion nmeans generates a high-tfrequency
transmssion signal by mxing a |owinternediate
frequency signal with a local signal having a |oca
frequency apart froma transm ssion frequency by half
-190 Thé saiidh banduh val ._.The radio. ,
conmmuni cat i on appara?%fﬁgﬁbg?%gﬂﬁ“Fb38F8F§+%%F0 ghaim 12,
| Fiietheadicatprisggency filter to renove unnecessary
waves in an anal og signal converted by said DA

conver 8i GifenEIR191] the foadbor cOMMIHY Gt bPBrture offect

quggi’ié Ug @accor ding to claim18,

conver31onnmansafterperformingconversionreverse

to spectrum analysis.

16. The radio communication apparatus according to claim 12,

further comprising:

wh i ] i
erein said frequency conversion means generates a
high-frequency transmission signal by mixing a

low-intermediate frequency signal with a local signal.

17. The radio communication apparatus according to claim 12,
wherein a low-intermediate frequency signal is composed
of a low-

intermediate frequency half a band interval for
frequency hopping; and
wherein said frequency conversion means generates a

high-frequency transmission signal by mixing a

low-intermediate frequency signal with a local signal having

a local frequency apart from a transmission frequency by half
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wherein said internediate frequency filter conprises a
Hi | bert bandpass filter fornmed by using a gyrator to

connect the sanme two real filters with each other.

20. A radi o conmuni cati on apparatus which uses a

| ow-i nternedi ate frequency to transmt a mnultiband
OFDM signal for hopping a center frequency at a

speci fied band interval, wherein a |owinternediate
frequency signal is conposed of a |lowinternediate
Plegabhdyanthlintarivahd i nterval for frequency hopping;
and wherein said apparatus generates and transmts a
hi gh-frequency transm ssion signal by mxing a

EQW— i,_[.ﬁ]ltee]r:a flé ate frequenc signal with a | ocal signal
aving . a Tocal Fréyud APBFrF2FPDRAKOrAARS s slakm 12,

fr eqU%ﬂcYn@é(rll?&iifateogfrgg\il&cbyal}qlitre]tre ga;*!"émove unnecessary

waves in an analog signal converted by said DA conversion means.

19. The radio communication apparatus according to ¢laim 18,
wherein said intermediate frequency filter comprises a
Hilbert bandpass filter formed by using a gyrator to connect

the same two real filters with each other.

20. A radio communication apparatus which uses a
low-intermediate frequency to transmit a multiband OFDM signal
for hopping a center frequency at a specified band interval,

wherein a low-intermediate frequency signal is composed
of a low-intermediate frequency half a band interval for
frequency hopping; and

wherein said apparatus generates and transmits a
high~frequency transmission signal by mixing a
low-intermediate frequency signal with a local signal having
a local frequency apart from a transmission frequency by half

of said band interval.

_41_




