Title of the Invention RADI O COMVUNI CATI ON APPARATUS
Techni cal Field [0001] The present invention rel ates
to a radi o comruni cation 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
MEltakesft tha ImdinkiofOMuUNI 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
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Low I nternedi ate Frequency (Low I F) architecture.
Background Art [0003] A special attention is paid to

the radidniAN thal;frees users fromthe wired LAN
architecture. The radio LAN can elim nate nost cabl es

[boby ki ng spaces such as offices, making it possible
to relatively easily nove comunication term nals

such Zbepprsoemdl iooepuien srqlREsk. tbnareodind cpfMtBication
thereis - 1 an incpeasing demand for wirel ess LAN
WRATARS] FogcEpruRvdE ingi aRdt heteiving eaddédbpndcesding

speeds. and reduced prices Today, especially,
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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 spaces such as offices, making

S it possible to relatively easily move communication terminals

such as personal computers (PCs). In recent years, there is
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(PAN) is taken into consideration for the sake of

i nformati on conmmuni cation 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 wireless comruni cation
systens using frequency bands such as 2.4 G4 and 5

GHz bands that need not be licensed by governing

| egal authorities. (0004] The radi o network
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inte ration and energy saving are inproved for LSI
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frequency bands to be used. [0006]

while the integration and energy 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 1like.
[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 IEEES02.11 standard is fu_rther classified

into various radio communication systems such as IEEE802.11a, _



In recent years, special attention is paid to the
"Utra-Wdeband (UMB) communication,” i.e., as a radio
comuni cation systemto realize the short-range
ultra-fast transmssion and is expected to.-be in
practical use (e.g., see non-patent docunent 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
PEEES F7 aqueneyndbend. 1 e srplehi nfobn €XAMRY ©ommunication
| EEE802. 15.3 is under exam nation of the systemfor
syaremE tanidngregaeket -stndscttor d daéda. cont ai ni ng

reanbl es as an access control systemfor the

294 wi deband comuni cat i on. [0007] In the future,
WPAN_%VWreIess Personal Access Networ k such as UVB
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radi o network using one channef®has no corrective

ispasd#ie®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—raﬁge r¥adio 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 radioc networks are constructed under a working



when anot her systeminterrupts the comuni cation or an
interference degrades the communi cation quality.

[ 0009] To solve this problem the multi-channe

comuni cation systemis used to previously provide
mul ti ple communi cati on channels. An interference may
degrade the communi cation quality when anot her system
interrupts the conmmuni cation or the nunber of
participating stations increases to | eave no
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select a conmunication channel to start operations,
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with the other networks. [0010] For exanple, the

‘Thel radehastebrkomung cee ichaneystherm he calrewtisedndasures
he hi gh-speed radi o PAN systemin conpliance with
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f n channel s avail abl e for .the system
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[@e@wyni cation device, when turned on, scans for al

avai [ abl e channels. The radi o conmuni cati on devi ce

becores soavi €RNetpreBeel] Nekd mu1PMC:haRAe € ArniiiB cation
whet her or not there is a device transmtting a

spebenisiuped tonprheimiginipryyvidbenul ippbe communication
conmuni cati on device selects a frequency channel to be
charrely-00fy iosasferRndnday dediradecthwrdonmurd cagdan
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environnent generates a delay distortron (or
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.
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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
~ & 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



frequency selective fading) to cause a conmuni cation
error. Further, an inter-synbol interference results
fromthe delay distortion. [0012] Major
count er measur es agai nst the delay distortion may
include the nmulti-carrier transm ssion system The
multi-carrier transm ssion systemtransmts
transmi ssion data by distributing it to nultiple
carriers having different frequencies. Each carrier
ingl pr-graitlednwi tdhrgentawh oxe RaRdcei v@Kirdgelitredi{ Niagdktor a
to be subject to effects of the frequency selective
FRERFIg Wave0as) moktimdanpleélethed GRDMdeDaykdgeaads. The
Frequency Division Miltiplexing) system one of
TS "Pé‘éi%r PRYLIGME 9SPBRRY st eidavc daptgukan alor

_ y ach rrie o that the carriers becone
GIEHE0 p81 o O, BB B Lafinog CPEBRBRCSEERR aigor

RIHOICERL L0 A0S hBS Ofh e d1RBUSL LGOI B SELL Aty

transmtted information Into para nformati on a

dystbekiohr equency lLower than the information
~transmission rate. The systemallocates a plurality
[§01gleces of output data to each carrier, nodul ates
the anplitude and the phase for each carrier, and
per f 130Tt RRUNBRERAS UIET RERindle tdwr dedny. distattiion may
iﬂﬁﬂggé,lughe&%xgtenyconverts t.he carriers into signals
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signals along the tine axis into those along the
ffequprariep .axEach 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 frequgncy of each carrier so that the
-‘carriers become orthogonal to each other in a symbol region.
During information transmission, the system converts serially
frénsmitted_information into parallel information a'lt a symbol
frequency lower than the information transmission rate. The
systém allocates a plurality of pieces of output data to each
carrier, modulates the amplitude and the phase for each carrier,
and performs the inverse FFT for the carriers. In this manner,
the system converts the carriers into signals along the time

axis by maintaining the orthogonality of each carrier along the




and denodul ates the carriers in accordance with the
nmodul ation of each carrier. The system perforns
paral | el -serial conversion to reproduce the

information that was originally transmtted in the
serial -signals. [0014] The OFDM nodul ati on systemis
adopted as a wireless LAN standard in the

| EEEB02. 11 a/g, for exanple. The | EEE802. 15.3

standardi zation is also in progress for the U/B
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frequency hopping (FH) for frequency bands

[ggﬁa?ng from3.1to 4.8 GHz into nultiple frequency

channgls d each conposed of 528. Mz
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frequency all ocation N tt 820&BW?
stdsodiaatioat 1 92 1S¥SI 8P rofi@skr P&.u%'ﬁ%' @@B Z?:ro?nmunl cation

conposed of groups 1, 2, 3, D, and 5. Goup 1
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frequencies are 3432 MHz, 3960

D5-UWB system and the impulse~UWB system. The DS-UWB system
increasgs 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 .

[0015]

FIG. 17 shows a frequency allocation defined in the



MHz; and 4488 Mz, respectively. Goup 2 is conposed

of bands #4 through #6 whose center frequencies are.
5016 WMHz, 5544 MHz, and 6072 MHz, respectively. Goup

3 is conposed of bands #7 through #9 whose center
frequencies are 6600 MHz, 7128 Mz, and 7656 MHz,
respectively. Goup Dis conposed of bands #10

t hrough #12 whose center frequencies are 8184 Mz,

8712 NHz, and 9240 MHz, respectively. Goup 5 is
c‘iS‘H{ZJBEFd“_doPF PAdHS gosmuahdatioh whesencethelfrequencies are
fEST%Joes%‘H e_z are 9768 MHz and 10296 MHz, respectively.
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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
intermediate frequency (IF) stage. A low-noise amplifier {(LNA)
amplifies a signal received at an antenna. A mixer theh
multiplies the signal by a local frequency to direc£ly apply
the frequency conversion to a baseband signal. The example in
FIG. 18 uses _local (LO) signals cos (2nf.) and sin(2xnf.) 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



carrier is denodul ated to reproduce the information
transmtted by the original carrier signal. [0017]

When using the group-1 band as shown in FIG 17, for
exanpl e, the direct conversion receiver as shown in

FIG 18 requires local signals having three
frequenci es 3432 MHz, 3960 MHz, and 4488 MHz that are

t he sarre’ as the RF signal's center frequencies.
[0018] b The direct conversion systemelimn nates the
uSs P IRPAR F?l“fﬁ\m&bwflesasamplbfowm tigriaecei vRé ' AD

| nd_increases flexibility of the receiver
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: partlﬁlhlx refl ects at the antenna and returns to the
recei ver: TR&"%i s WPFE)I Pesdi#®e shamalira®dGt he7, for
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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.
7 This signal partially reflects at the antenna and returns to
Fhe receiver. The mixer multiplies the signél and the local
signal itself together. 1In 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's anplitude is 0.5V, the |l ow noise anplifier
(LNA) and the m xer provide a total gain of 30 dB;
and a |l eaking local signal reflects at the antenna
and returns to point Ain FIG 19 to attenuate -70
dB. Under this condition, the DC offset for m xer
output is found to be 2.5 nV. Since the expected

- wave's signal level is approximately -74 dBm at the

m ni num the nixer output becomes -44 dBm= 1.4
n#Pfsls |mixesh wieh gheelstadodihat .t he DC of f set
bg@@zf(ges greater than the expected wave's signal

| &VEtY [0021] The foll ow ng equation describes a

process t e at the DC offset. In the equation,
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a reflected wave returned to
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varies with the frequency hopping.” The frequency
wave's signal level.

[0021]

The following equation describes a process to generate
"the DC offset. In the equation, cos(wt) represents the local
;ignal and o and ¢ respectively represent the amplitude and the
bhase 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 ﬁhird terms represent double fr_equency components.
It will be understood that the DC offset varies with the
reflected wave's amplitude and phase.

[0022]

- [Equation 1]

a-cos(@- ¢ +¢)‘c0§;(a) )= %'a 6(cos(¢)+cos(¢)-cos(2 - w-t)-—siq(¢)-sin(2 ‘@-1))

1[0023]

Since the multiband OFDM system performs the frequency



hoppi ng occurs as frequently as 3.2 MHz equal to the
OFDM synbol (( rate. As shown in FIG 20, the DC
of fset stepwi se varies at the frequency of 1/3.2 Mz

= 312.5 nanoseconds. [0024] Cenerally, the DC offset

Is renoved by serially inserting a capacitor in the

m xer output.. In this case, capacitor C and circuit

i npedance R construct a first-order high-pass filter
HPF). The cutoff frequency for frequency response
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response becones 27cCR [ 0025] 'Since the nultiband
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Mé'éen&@e direct conversion receiver is requested to
ass Up 1o ABEIGES ke Mesideett sesmbt DR dirfaset |
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1%: 1/4.125 MHz) as shown in FIG 22. The problem is
Mt nasmepsyt of i he3 v tMiizn =t Bé2 CFDMisysderindss

qﬁﬁﬁqpanied by the step response. [0026] GCenerally,
vail'abl e neans of changing frequencies is to

Cmultigl ega{}el Ci _%_%tkgr frequency usjng PLL )
(Phase x{oc féaﬁﬁ%gg)?% ’v%rr,emf’ﬂ%‘il &Yi skl lor dpserking
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large difference in the fhaﬁ'nzfl hg aG86v er RS Hifdwh and
CcimcBLG idpedathe Ri sgherRide aappelschiange h.ifgh_egHQQ C+8%er
within such wi de band. A high-precision nuftiband
(HPF). The cutoff frequency for frequency response becomes
- 1/(2nCR) . The convergence time for step response becomes 2rCR.
- [0025]

Since the multiband OFDM system uses the sub-carrier
frequency of 4.125 MHz, the direct conw-version receiver is
Tequested to pass up to 4.125 MHz. With respect to the DC offset,
t_he 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
nanoseconds (= 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 -



generator can be constructed by providing nmultiple
oscillators and generating correspondi ng frequency
bands. However, there my be problens concerning the
circuit's planar dinmension and power consunption, a
frequency phase difference for each oscillator, and
the like. [0027] To solve this problem nultiband
generation is perfornmed by repeatedly dividing the
single frequency output fromthe oscillator and

Moy dirvb&lrgd:, 0 ege i 10 ;hagq@
sump?)]r adiffer e%%ggﬁe%%/veen %%8%38&&@%3 t%&@%ﬁbgﬁ&
2FDY| bk ayatenald yushons t3 £0a¥8digRake 8XANRI €ndkhannel
the frequency synthesis block (group-1 3-band node)
FHRNIEPERIUSHCThPopEIMFIGFH) 7 UsBhle fimgilkeePTiL r@ntnot change
%gnver5|on receiver _as shown in FIG 18 of the

F?P%’%\Woesdfbﬁ’%‘}/%ﬁ\ wigle bapdn 2 highroreogsiemaultiband

b I
gebbeste n?%q&e%%’-’.lse uqtid %ﬁﬁﬁ%ﬂfg@a?aﬁapb? ogézeﬁlators,
- sa@d;énetratlagecc;ﬁfeg%%ﬂafnéfg%ﬁggx xR ANeh B, Pehere

single oscilTlator

Goymenp ablErers ¥6hak rBegd [that @il}ault'koﬁj’?%ar d-EJPrFenss_on and

exanple in FIG 23 uses the reference frequency of
EEE?I Mersohbpoiored by raduenplypbigsd g fFseiehkat 66¥ each

frequency output fromthe oscillator according to PLL
] tPEckardop)e liker1 The reference frequency is
.QL 7qed by 4 to extract the frequency of 1056 MHz.

is divided by 2 to extract the frequency of 528

MHz that. hs a cl ock. The b5

sl L oeae Y pEEy Pl R PLEYRS SendpBe B6F A Ko fprmed
Hyr Q@@@Qﬁé’dﬁ %@Adlng 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 sho&n in

| FIG. 23, the divider and the mixer can be used to mix {(add or
subtxact 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) .

ml]__




Mz that is a band interval of center frequencies for
frequency hopping. [0030] Each m xer nmarked wi th SSB
(Single Side Band) performs mxing, i.e., adding or
subtracting frequencies of the obtained signals as
menti oned above. The m xer adds frequencies of 528
WMHz and 264 MHz to yield the frequency of 794 MHz. A
selector .(Select) selects 264 MHz or 794 MHz. The
subsequent SSB. can provide four conbinations of _
Theeqatades: byePRIfQr 18 Belvidsdlbliofo @kt $HbE kae! # Myuency
bet ween the sel ected output frequency 264 MHz or 794 ~
NHA08AdMithe Binigiisadli AR Mhz2 fuceguensyt shgndlequency of
40031 It should be noted that group 1 uses only three
Pelflientha’s useftfor 30gampke, chork 4488e\pR8 Mimmtsample
792 freguepcy.is_subtracted from 4224 MHz to
‘%&%é‘ré ef%r@%l§%€Y2%$WtFﬁ%aJéwcfrﬁguency of 264
: : ener.ate 3960 ... The
e P renn el R Evil e SRR R Rhpr e 3 BRE apgency
hé#88ndHz. [0032] In FIG 23, the device marked with

- SSB m xes, i.e., adds or subtracts frequencies and is
{éBaPVal ent to an inmge rejection nixer, for exanple.
The inage rejection mxer can obtain a

si nglE8<c8i Wiz e rkiednul thySShalSdggial $iqe Hangl) appaiorms
nbfinh SRSy o e Bhses e orthosonal Lo
oS el Al e S TP LRG0 o o o
M a91dDP 6 8G4H-"Eo T 1RAVCRRL S Ry  Of 704 MHZ. A selector
- (Select) selects 264 MHz or 794 MHz. The subsequent SSB can
provide four éombinations of frequencies by performing
. addition or subtraction betwee'ﬁ the selected oﬁtput frequency
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, fhe 782
MHZ frequency is subtracted from 4224 MHz to generate 3422 MHz.
'i’he 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

: ‘dbtain a single-side-band signal by analog-multiplying a pair

- 12 -



addi tion theoremof the trigononmetric function. In

FIG 24, frequency signal f, is set to 4224 MHz and

frequency signal f; is set to 264 Mz or 794 MHz.

[ 0033) However, the conventional frequency synthesis

bl ock as shown in FIG 24 is subject to the follow ng

problens. [0034] (1) Since two SSB m xers are needed,

the circuit configuration is conplicated and the

power consunption is large. [0035] (2) Since the 264

Mrize IR QUeHLYn S ORAbsé H1R e@Ch AW @ ogoWaY Er e tetyc'iﬁdothe:r:

har moni cs cause a spurious signal of approximtely up

39 shdrdBe FOGYrDUP hchl 0836keSREEEY | £als Ehaind £, is

preceding SSB for 792 MHz generation. is supplied with

PeRvighady wizh mhmaEGIQ!ONH@nebtw al Breduractibisr dan be

harnnnlc of 264 MHz, i -792 HW. The SSB out puts
HRthsRipedrhy afging Oénsrlhttéﬁa%wg r%reﬁﬂéwleﬁuvswg othe

it ?Yg‘g“uﬁté%ﬁfg s g torey s Phal Tore- 24,
- FRGRAGY! Al gnd PV i s g% hcchzarz@ggugg SRS BuIY Ao .

signal of approxinmate

i[s06238] tbN\we4 pLr doeupent 1] | nternational Standard
| SO | EC 8802-11: 1999(E)

[0033]

However, the conventional frequency synthesis block as
éhown 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.

-[0037]

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

wave, fifth harmonics cause a spurious signal of approximately
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Problemto be Solved by the Invention [0039] It is an
obj ect of the present invention to provide an

excel | ent radi o conmuni cati on apparatus capabl e of
appropriately transmtting and receiving nultiband

OFDM signal s for hopping center frequencies at a
specified band interval. Means for Solving the

Probl em [0040] The present invention has been made in
consi derati-on of the foregoing. According to a first

as pect Appd Phehipidise bl réatvalnivens 1bhaael ioSTimdeded 18 for

%ﬁﬁonnunlcatlon apparatus whi ch uses a
OWL i e??f%%‘&tcétﬂf?éa edEFELD Pedédvitatartirebiing vol. 30,

QEle |g I center frequency at a
speci Esba%§§9 ﬁgrnggsThe apparatus conpri ses:
frequency conversion neans for converting a

hi gh-frequency reception signal into a
IDowell nberabslf ot Tnvedeessy Signal; AD conversion
means for converting a |lowinternediate frequency

si gnalPrHollema tdi het Sblwidybyl thei ngvensipaci fi ed
i@ﬁg%ing frequency; and OFDM denodul ati on neans for
ting an AD-converted 15 OFDM signal on a tine

axi s |nto a SU -carri al ong a frequency axis so as

to perFornw?%s e uﬁ?% SRGd l%ﬁéﬁﬁ%ﬁ“t?ﬂanaqmmde an
e B PO a Rl o e PG P RS certPls Sl ng

changed due to frequency
dpeaueneyedyr tegnéﬁl@&%e%%ﬁogeééw;[n&%ﬁo&'ﬂa% bPsm
. 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, fhere 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 convertlng a
high-frequency receptlon signal into a 1ow~1ntermed1ate
frequency signal;

AD conversion means for converting a low~intermedia£e
frequency signal into a digital signal using a specified
sampling frequency; and

OFDM demodulation means for coﬁverting an AD~converted

- 15 -



conversion so as to perform fast spectrum anal ysis.

Any of fast Fourier transform (FFT), wavel et

transform and Hartley transformcan be used as the
conversion so as to performfast spectrum analysis

for OFDM signals. [0041] Conventionally, the direct
conversion systemis used for a receiver that

recei ves multi band OFDM si gnal s for hopping center
frequencies at a specified band interval. However, the.
CHDMESTgrRANYL TS t Qe I3 b @AY I RS 13 1 EECBRIIPR frequency -
frequency with a local frequency. Consequerntly, ST
agdbf soi x$ Ny glerdokracdbssi graltrumadaesyai HC of f set . '
Since the nultiband OFDM system perforns frequency
hoppit§rean| veal OBy fenody kapioncyesms issstw thseprnce of
sf %gguen.c hod%giélng. Since an antenna's_reflection :
E8ef it HEAJES LY rlgfsErEs fol gD ayrErseby 2

' f elf-mxing also varies with the .

SpgLlid M ephliLotule A iha e Shefbeiiomian Fhe
. cERENF: % §8ARSEd BeSPbUR Aile slp}n%gttgfﬂsnseﬁ{% sqgletﬂhgrbft Bgst

di rect conversion receiver. ner,
Fowmi-d - tanabEOrRONFET | S Wdve 1e€CePhhOfo:Sh INAd BREe1e{ Nt O
the I F frequency. Even when self-m xing of the | ocal
tmngrigirmcaan dse aseC a$ fidet convecrsipeceasi ty mefarat ot
because the frequencies are apart from each other.
SERRF WA nelyetei % OPDY signabs. a new probl em That
[6034’1 it requires the Hilbert bandpass filter and a
secdnd | ocal signal that are unneeded for the direct

CONVELNAILIHETN Y cnd HELOEL oo33RLE DY ALekh 51 4A8L for
makes it necessa y to Increase the san‘pﬁ e clocC rafle
a Gleckli@e AD-h£O MY di®es multiband OFDM signals for hopping
center frequencies at a specified band interval. However, the
direct conversion system equaiizes a réception frequency with
a local frequency. Conseguently, self-mixing of a local signal
causes a DC offset. S8ince the multiband OFDM system performs
frequency hopping, a local signal freguency varies with eacﬁ
.frequ'ency 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
;s‘ignal causes a -DC offset, it can be easily separated because

the frequencies are apart from each other. The Low-IF receiver

- 16 -~



[0043] Whien receiving a nultiband OFDM signal for

frequency hopping, the radi o communi cati on appar at us

according. to the present invention perforns

conversion such as FFT for fast spectrum anal ysis of

OFDM si gnal s, ‘and then sorts sub-carriers by

rotation. This elimnates the need for frequency

conversion wusing a second | ocal signal and enabl es

the use of the same AD conversion clock as for the

dFTEEE ToRYaobdem: eBbhters, if@@4d1rdheHbretuf@Ybandpass

qgﬂNinggﬁ nmeans nmxes a reception signal wth a

l'ocal sighal 1T Yehdreed pouriht@ratedivat enhpede@ntyr the |
.the frequency conversi on neans

<i13Rak. cSpesidicall .
ml%e%gltac rece%toﬁlo_rf%ieéﬁgf:'vﬂf D9rgc SRR ARG 2ahalF rif omal

rakek iﬁe@u@ggyrngﬁgh { om a,rece tion.frequency b
hal f of a band interval %or %Pféaaéﬁ%§°ﬁ855ﬂﬁﬁ“i8f the ap
§ongentera | ow i nternedi ate frequency signal conposed
?f a_lowinternediate frequency half the band
iLAP&3 L al . [0045] The AD conversion neans sanpl es
analo% gignals_qsing a _sanpling frequency tw ce as
hi gh Y gaF%“F“d%”i%@ef“h‘ééFh@@d rRYuEmpl Forofbequency
MO Shg, t RE AP onver si on nmeans sanples anal og signals
gﬁiéﬁ;gahsgﬁp zéEff?%ﬁﬁﬂiiﬁfté&Bi%@P%ﬁﬁﬁ?%{ﬁTQ@adgp¢7to the
prdsmtal nt ok 4,6 oppiLng. . e radio
conmuni cati on appar at us agcgygf?i§Q(fu &s fFdsépr fast
specemtinamallystibes s orohusdesm AR | 0 e aadi fLERUENSY;
filter to renpve unnecessary Waves |nga:%§l%ssug Sa¥fiers
DYyotetatiionredhaseliminates the need for frequency 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 Sigﬁal to generate low-intermediate frequency

Signal. Specifically, the frequency conversion means mixes a

reception signal with a local signal having-a local frequeﬁcy

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. In other words, the AD conversion means samples

analog signals using a sampling frequency equivalent to a band
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frequency signal frequency-converted by the frequency
conversion neans. According to the LowIF system the
internmedi ate frequency filter is conposed of a Hil bert
bandpass filter forned by using a gyrator to connect
the same two real filters with each other. Wen
configuring the H |l bert BPF by wusing a gyrator for
connecti on between the sane two real filters, the
- present invention uses an integer ratio for an el ement

Meldieraloffotherdddary hypgipsototype filter as a rea
filter. In this manner, the present.invention can

H10Afllt aneously control the center frequency and the
band. The Hilbert BPF can be easily realized. [0047]
- Gener B¢ yradie chghnkEHgiof a@peaetpsi ancdrdimy itockbdes
of a known sequence. The preanble

a pr e%n‘ol e ct(%gjpo%ed ]
FLETa8Nc VI 18 FRRERC D AHE ISP e s temedipke frequency
e | aLi ' in . the t.inme_domai n wthout
R R B R W R
frbgubna A FeLLeAcyL I&aeﬁo u s free
frglr; sojr;ntesi'.{h%H by th’éé:I FFQ'P./ ‘%\g%% [ ngh?, §ﬁtg F‘g&clﬁlrspdc@'si bl e
cboveesboi tidanscor hebard iy et weenLbherresgivgs the
reanbl e sequence and a known preanbl e sequence. To

P )

1BpeyRedinte propiamy fileen hyenimposedsesa #idbguebaadpass
frgsulh%p%ﬁfron1nultipIying the known preanbl e

Lot fCe™sg PRANIGR RrIVIaRAE SPecorrRfileifdy semd gwo real
_ t.he correlation with a reception.signal. In
£ffeets with oy t°t|%§rpos@%ﬁ EOPEL Rt G Hhﬁegbf%%lffmﬁé’? by

ud 00 8layAGe 0k K dle bt e oRE000: ARAPEh Yk B, PLESP R 1 ters,
invention, there i's provided a radr6 confuni cati on
tlappaeaths inksPi s 88es 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 iﬁcludes
a.preamble composed of a known sequence. The preamble sequence
is designed on the pfemise that the cortrelation is detected in
the time domain without performing the FFT. 1In 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—-ihtermediate frequency to
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a lowinternediate frequency to transmt a multiband

OFDM signal for hopping a center frequency at a

speci fied band interval. The apparatus conprises:

OFDM nodul ati on neans for converting each sub-carrier

along a frequency axis into an OFDM si gnal along a

time axis by perform ng conversion reverse to

spectrum anal ysis wi thout changi ng a baseband;

| ow-i nternmedi ate frequency nultiplication neans for

dfluiriepttyd BOr el O dd F MBI AL thi LAAEHCY | a@g this manner

transm ssion signal after being processed the !

idorvepskenblevies Setieat $RECHEsHRIENAl VS| s‘toget her to
enerate an OFDM nodul ated | owinternedi ate frequency

DA conversion neans for converting a
i nto an anal og

| ow-inter |ate frequency signal

S|gnJF qﬁgga SpRcieTey a§8ﬁﬁg *f theopaesept mvention,
u rgion, reans f or convertln

e B O 8 P TR Ly i atus which uses

ahl gh-1{ K eaHRNGA ¢ of '?E%E&Héﬁé}f O §1408N A m@ ¢4 lgl%lnec{ oM

fast Fourier transform FFT), I nverse wave

sigamsffurnhappingnue&s&téﬁwﬁﬂéahenb&aaﬁfQrgﬁééﬁfﬂaa waed
as the above-nentioned conversion reverse to spectrum

inkRa Yl s, The04pparati®s Gwpdiswsl:F nul ti band OFDM
trangmitter according to the invention generates a

tr anQﬁP@sﬁ“BﬂuH@s@b ﬁ‘&lanﬁy Lorn| eppYsA tHigaaeachFshbequernioyr
g% %FDNISl naI gther bef ore DA conver3|on The

Pep Pr 7 RrO8heri anadepl eripeidae axis
bﬁ%@??oftﬁlﬁ&rd'o%(;ftergg.oﬂpf’é’w;elys% EU epcetctC}:fumt QI%P);’Sls without

conversi on nea
changing a baseband

low-intermediate frequency multiplication means for
miltiplying a low-intermediate frequency and a transmission
signal after being processed by the conversion reverse to
spédtrum analysis ﬁogether to generate an OFDM-modulated
- Yow~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 wajélet transform, and inverse'Hartley
transform can be useéi as the above—inentioned conversion reverse
to spectrum analysis.

10049]
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before converting a transm ssion signal reversely to
spectrum analysis. In this manner, a flat frequency
spectrum can be obtained. It is possible to use the
sane DA conversion clock .as for the direct conversion
recei ver. [0050] According to another correction

nmet hod, a conplex FIR filter can be used after |IFFT

to correct a frequency response due to the DA
converter's aperture effect. In this manner, a flat
frequent§ Specty mmltahahe olivbitredsmittes FRDTNG £ the
sj il t.aneousl rovide the interpolation and the _
f rrEe}](r]gl?etﬁc%f/1 g’?ré%rﬁgtﬁssead;(ﬁapéﬁlf-ﬁﬁh@n Eff etgnaf byhmltiplying an
W eRLLOS, 3l i nvention can provi de an )
excel | gnt ?%%lgo A%-(()Ben}srﬁnsll alﬁoﬁoﬁ%'ﬁé‘?%f)%oﬁ%;%bi:@mﬁrsmn-
appr apbnainetyet NatsMsLblRY ecei ving.multi band .
OFDM si gnal s for hoppi ng cgﬁ?%? B V}eé:qugﬁg}egoggex&satlon

Siseosfiedorardtint apyaturd Q0%2ke LECRL
invention, a multiband OFDM UVB transn]%)}tpt%iohge%%gon means

EERTG i TR veFkdnat us resspisvidediignall £avd ARSI At rum
gﬁgg}ygpscy ((Low-I.F) configuration to. be 20 capable of
S fig° pr oBl & Salfpnen el fileta fieneeney ospwertsivai can be

bhedsid ting receiving apparatus and of _

facilitating f% r?é‘srs.ésli%nt%flsﬁo@a? Fauey fBnePree rigas58Lock
- dnerdvert qeRese! ¥&5,d.18 Jprohlens attributed to the

Low | F recei ver that reql?!%r %gcfeﬁgenr—rr | bert bandpass

£@0%08r and

According to another correction method, a complex FIR

filter can be used ﬁfter IFFT to correct a frequency response
.due to the DA converter's aperture effect. In this manner, a
flat frequency 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 capable of‘appropriately‘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 apparatus is provided in

low-intermediate frequency (Low-IF) configuration to be

S - 20 -




the second | ocal signal unneeded for the direct
conversion receiver and increases a sanpling clock of

the AD converter to sanple IF signals. The invention
can apply the LowIF system to the nultiband OFDM

system [0054] According to the invention, the LowIF
receiver can rotate to sort sub-carriers after FFT,
elimnating the need for frequency conversion using
the second local signal. In addition, it is possible
¢apatse bhesEHATRAP CIOTMYS SLOPIISEQAGK tod$ ik ctDeofhd fllon
conversion receiver. An FFT-free preanble " can be
Harsatidd iby asd ngeeeisdggenpparesud tdnay offr GAERI evheitsd Y
nmul ti pl.ying _an original preanble pattern and an IF

IFEFEEREY Of ot Herfrqm@B5EeThe Low | F recei ver uses

¢ %3Hilbert BPF to renove an image resulting fromthe
req

dency conversion. Wien <configuring the Hil bert
BPF i LgQyr r,._ connection_. between the
sane %m% S:erg’%lﬁfl %t g{:g{}e% ﬁteh‘% AVERT T ON %%%%lb\glﬁc%%tté’g Epe

Loat-I9 féfeidferetRiBNteq@ide e HISLLAAARIFIPIRS filter and
prototype filter as a real filter. In thi's nanner,

thihespresdntodalvedgnah aancedabifoy €ABt 80 edhecfR®ion
frequency. The Hil bert BPF can be 21 easily realized.
TPEBLET WREniCcreaRas Bovansl iser ¢hddly oifnsier Addconverter to
Sggéﬁ%t %ggéaége %kxe[ qu:freguency nuILipIication som
S e DC16f HAERN Ly dhe CRAVRRRIYO heahow 11 syshe
té;ﬁg%ﬁﬁﬁﬁﬁgéggﬁge }%%Feﬁgraéknately 1/10 of the OFDM
10054}

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
-aé 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
rconfiguring 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. In this manner, the present invention can

easily control the center frequency. The Hilbert BPF can be
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cutof f frequency to approxi mat e'Iy 33 MHz. [0057] The

LowIF nmulti band OFDM transm tter according to the

i nvention generates a transm ssion |IF signal by

mul tiplying an |F frequency and an OFDM si gnal

t oget her before DA conversion. Correcting the DA

converter's aperture effect before | FFT nakes it

possi bl e to use the sane DA conversion clock as for

the djrect _ conversion receiver. [0058] -Since the

i AVehtY dit9diE¢Hdes the nul ti band OFDM UVB

tf@{ss i'tting and receiving apparatus in LowIF

con |€§|ur ation, it is possible. to easily generate

| ocal reguencies;and . decrease spurious signals.

[ 0059] These %hgé% %Jérlsoﬁje&’:?i,lyfi'éh‘%elﬁt@é, tarh output from

dtheamtiagesref £ drent hQk be readily

g?fc%ert ained by re uerr?ﬁﬁghtlgg{)ggga'f]o?q G A5 ERbEETMHEHLE DC
Sk, i heninwentdrh appensgd: digw . rief .

Description of Draw ngs [0060]. Fl%%%lrsegg\%gs?hféme to

CERT PGUFEFoh 1dfl Oao L ckeel BEDMI $yriasld 132 by MMB the npr

LLEBEP LAY Ceoce g, cogeraLts Seeth g 18
dhggjpmatical |y shows only a receiver portion of the

LowI'F transmtting and receiving apparatus. FIG 3

shows Thewt.dk-eenG ¥ ;5,949 O8n? -Crgfi%%pgggg}: o@c/:agom tohshe

conversion of OFDMreception s
Feteattiionsdee halade st A stk 9k BRl 1 p signal by multiplying an

IF frequency and an OFDM signal together before DA conversion.
Correéting the DA converter's aperture effect before IFFT makes
it pPossible to use the same DA conversion clock as for the direct
conversion receiver.

[0058]

Since the invention provides the multiband OFDM UWB
transmitting and receiving apparatus in Low-IF configuration,
it‘is possible to easily geherate local frequencies and
decrease spurious signals.

- 10059] |

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 cqnfiguration of a Low-IF multiband
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preanbl e sequence and a preanbl e sequence intended to
be detected. FIG 5 is the circuit diagramof a
prototype LPF. FIG 6 is the circuit diagramof a

H | bert BPF. FIG 7 shows a frequency response of the
H |l bert BPF. FIG 8 shows the configuration of a
LowIF nmulti band OFDM UWB nultiband transmtter
according to an enbodi nrent of the present invention.
FIG 9 shows the spectrumof a transm ssion |F signal

oMreN uwsher 400l e ikl 4AP %@eg.:r% %a@élth's band, ﬁ']deinq to an

transmitter does not correct degradation of t

eimbeguarey oesfionSiresehG iAGssb0ws. a configurati on
exanple of the x2 interpolator. FIG 11 shows a
conf | ¥ atdi dhagxamgiscadfl vt heoes mpllgx aFtdReeifvdrt portfdGof
2 shows conmplex tap coefficients of the conplex FIR
£ £EF~LE SHRMtTippeangd 1reer ying appgRatife spect rum
of a nsym_ssi on | F signal en .the LowIF pultiband
oM B T TEERneY S LodiB D e b0 AD
cBAOEENL oh WEMWPLAN rEBLLEELS dNdransm ssion 23 1F
signal's frequency and renoves frequency fol ding

conpaent 9. shbés e ShAWE ilbacal pShetmen WIERtienal
LowIF nmulti band OFDM UWB nultiband transmtteér

' Prear i mpduenicke ardba dimemibleusesiuange oiipeerdddibngd de
shown in FIG 17. FIG 15 shows a frequency synthesis

dpteekedor frequency hopping (FH) used for the

fre cy.configuration as,.shown in
q%§g_y5 is the éircugt 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 spectrum of a transmission IF signal when
the Low-IF multiband OFDM_UWB mﬁltiband transmitter does not
correct degradation of the frequency response.

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

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
fwhen‘the‘Low-iF multiband OFDM UWB multiband transmitter

-according to the present invention corrects the transmission
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FIG 14. FIG 16 shows spurious signals resulting from
528 MHz harnonics in the frequency configuration in
FIG 14. FIG 17 shows an exanple of the frequency
allocation defined in the nultiband OFDM UVB

conmuni cation system FIG 18 shows a configuration
exanpl e of the direct conversion receiver used for the
nmul ti band OFDM system FIG 19 diagramatically shows
sel f-mxing of a local signal. FIG 20

ti_cal shows of fset result fron1 t he
P BrpeS S e S8 Ve BT SR b iR o o
ohpdrdnr@r.der  high-pass filter. FIG 22 e DC
t he

di agramatically shows the convergence tine for
of f serIst eps reﬂﬁﬁ@&%cﬁﬁﬂe&%ﬂ_ﬁfﬁmﬂfﬁp&% bkl eF muiOfifand

frequency is set to 4.125 in the direct conversion
ORRBLU¥Er muft Brad@ tstrowsizteonseadbidhad texamel embbdihent
frequency synthesis block (group-1 3-band node) for
"f%?qﬁ‘eﬁ&?“ﬁ%pb l?ﬁg“d (aisl—|)‘5h9§édllﬂofl‘t?he17j4 rect conversion
recei own in Fl 18. 24 FIG 24

i 22 F"W% r?o%geﬁﬁa@(éy FupeeaR Q@ for Frequency

dlagranatlca

HpRLa ener al niLgura
exgnp%e of the { rec f%g%; gﬁ% 9&# as”3hown in
F@arryang Qut the Invention [0061] Enbodlnents of the
present invention will be described

FIG. 16 shows spurious signals resulting from 528 MHz
harmonics in the frequency configuration in FIG. 14.

FIG. 17 shows an example of the frequéncy 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 systemn.

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

F1G. 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 diagramatiéally 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.

is8.
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in further detail wth reference to the acconpanying
drawi ngs. [0062] A Low I F systemreceiver is known as
nmeans to solve the DC offset problemin the direct
conversion receiver. For exanple, the LowI|F system
is described in "LowI|F Topol ogies for

Hi gh- Per f ormance Anal og Front Ends of Fully Integrated
Recei vers" (lIEEE Trans. Circuits Syst. Il, vol. 45,

pp. 269-282, Mar. 1998)" witten by J. Crols and M

St eyaeFiG. [BO6ElagrEbfbat 28 SNOWhARE iA8HE! Aliection mixer
configuration of the LowIF receiver. The LowIF
r@@éﬁgéim?n FIG 25 converts a reception signal into
an int i.ate frequency (IF) using first conplex

| ocal Egllrdg}ﬁgls Fﬁ@ﬁﬁeﬁcﬁi%‘ﬁ Corfighrahtosiaaplet pf the
dioliepeplcefyQm the reception frequency. During the -
frequency conversion, an intended signal and an inmage
signal on both sides of local frequency LOL appear in
the IF. The Hlbert band pass filter (BPF) is used as

Brst fMddd tfer Carkeihy OutRIR ThoRBakSon The receiver
hen anplifies the IF signal, AD-converts it, perforns

]dital process to convert the frequency using the
| ocal , -25 signal, and converts the IF signal into a
baseb%‘ﬂla"i%fbfﬁa‘r% of theeesant hnventnoeryilhodel destEibed
8Y$h rts the reception signal once into the IF
freqﬁ%%@g\ég\%; K/ q%hr% e FAFTGT acepmpancila degnings.
[magsgs a DC offset, it can be easily separated
because the frequencies are apart from each ot her.

TS0 et epsetaaratate | AT BR ok % gl e
DEuPEReet pimbleawihF chysEMct conversion receiver. For
example,. the Low-IF system is described in "Low-IF Topologies
for High-Performance Analog Front Ends of Fuliy Integrated
Receivers" (IEEE Trans. Circuits Syst. II, 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

recelver. The Low-IF receiver in FIG. 25 converts a reception

_s:_'Lgnal into an intermediate frequency (IF) using first complex

- local signal frequencies cos(2f,t}) and sin(2f.t) different

from the reception frequency. During the frequency conversion,
‘an.intended signal and aﬁ image signal on both sides of local
frequency LO1 appear in the IF. The Hilbert band pass filter
7 (BPF) is used as an IF filter to remove i'mage signals. The
receiver then amplifies the IF signal, AD-converts it, performé

a digital process to convert the frequéncy using the local -
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may easily generate | ocal signals because the | ocal
signal frequency differs fromthe reception
frequency. This will be discussed in nore detail

| ater. [0065] The Low I F receiver causes a new
problem That is, it requires the H lbert 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 i mage

st@ignaydskegnabr RN aedbyYonki 15 d8L 382 ¥4nk0signal .

AD-convert the DC offset ang the 1 nage frequency

E0QAfdl as well as the indented signal. In this case,

sanpling an I F signal nmakes it necessary to increase

t he safpitdscrenetatbediowtid aystonvenverts {HR06&¢edthison
Lg%%ﬁngnénvergai on solves these problens of the LowIF
recer ver-and opﬁﬂ[’l‘ﬁpFFaf’é‘?‘%}leé‘ﬁﬁl'i eBvemahesysei fspixing of

al i DM 0068 I '
dH 1('3'@61 %g%?gﬂ%sgg a D%y<§£1_gsg]elta£ égfq,a]é-hﬁg%qllsyz%eparated

context, L OW I Nt erne

eicgRbéi B iR quSAcOEs 8t OW Rk e g?&ﬁi A&, 1Jegdyency; (o

equivalent to a half of the band interval” Tn the
ihtendedicyigriadppisngouddendad thbangd, GHMpIMBr¥st eBdd not
FIG 17 uses the IF frequency of 264 Mz that is a
LREFF LT vhEh fhedinreledasignal. | Furtdyi, nthd LegqHERGYsten
[0069]. FIG 1 shows the configuration of a LowIF

may €4 g generate local signals because the local signal
frequency differs from the reception frequency. This will be

discussed in more detail later.

[0065]

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

To AD-convert and remove a DC offset and an image
frequency 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-1IF
receiver and appropriately applies the Low~IF system to the
"multiband OFDM s'ystem.
 [0068] |

In this context, Low-IF (low-intermediate frequency)
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OFDM UVWB transmitting and receiving apparatus
according to an enbodi nent of the present invention.
In FIG 1, the top half is equivalent to the
receiver. The bottomhalf is equivalent to the
transmtter. Both share one antenna via an . antenna
swtch. [0070] FIG 2 shows only the receiver of the
LowIF transmtting and receiving apparatus. Wth
reference to FIG 2, the follow ng describes in
dAidiekh cqi h t
A ton MO0 ¢ eiad BRI | ReghEel T

duiRGd eMtize fii gherid kan thbhﬁaﬁﬁni@ierfxfaqq li%n%ﬁeoffré%‘?ency
reception signal and .that the IF frequency is -

hapinghe fueonuktilefnd BEDMUUYE Barade@FOMFINB 13\t Re IF
sub-carrier frqufncy (4. 125 MHz) nultiplied by the

fmefiuepsy qf1284 Miz that Mgz a heddoefithgl band HetisaveBant. .,
i S 4 MHz. [0072] To prevent the frequency

h&%P&PﬂgEf%ﬁu%ﬂﬁy onverter aliasing), the sanpling
fopeayency for AD conversion needs to - 27 be double
the signal frequency. The direct conversion receiver

proviries thehsdMERd &I BYSREY R 0 P28 MW TBYuit iband

contrast, the LowIF recéiver using the |IF frequency
OBPM- MtMsmIWi@ﬁnﬂhﬁea@iﬁiﬁj abpEEAIORE Vo JcRRAE nT ©dNan
-528 MHz to 0 MHz and therefore requires the sanpling
e?“?%ﬁ@i@yOéftq@memt Thirentiom fInsEIG.priobtkentd half
solve this problem the enbodi nent perforns A/D
13 Sifrdva; Sﬁtdg?ﬁ&ehéFFe%ﬁ%rsaﬁh?ﬂﬁ@jﬂm%aeéﬁcys gqugvalent

tézéléwﬂéansmltter Both share one antenna via an antenna
switch.

[oo70]

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 264 MHz.

[0072]

To prevent the frequency folding (or AD converter

aliasing), the sampling frequency for AD conversion needs to
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(band interval of center frequencies for the frequency
hoppi ng and positively uses the frequency fol ding.
[0073] FIG 3(a) shows the sanpling frequency and how
the 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 -
lfé_ @%Ei@thg’(s%nﬁﬁafnecﬁfetn%r _.NI‘QeCcQ‘L% -'tsé:ﬁxﬂ/eq_r itothereé%:@ér
signal, the frequency folglng changes the Sub-car 1 er
meqidrcetibltsanbll i hl f NRARSSH YFSAONENHS . Al contrast, the
AD- converted. [0074] The OFDM nodul ati on system
Ipsr L Er raceRREriws ingahBé ArfhE thguendyre f sidfdaliiz piroviiHes the
domain for reception. The sub-carriers can

f.requenc
ﬁﬁgngisFF%QQﬁﬂQWé&aéﬂﬁeﬁrFFTT5%ﬁrﬂﬂ? ttiee OFKHz and gihrarafpre
. sort.operation, no special process is .

, r%?é‘ggég?‘él%g??m%]e’eg%\fﬁewggh?f' ki T iMadgyRifirst

rbBi g, Tee | | - 1

POl o eohn i RarhTeh, T NIRRT e a0

cpRYEéLs M Gisting ha BEUERS Vs argANVRY Fr@RuedSFOrdidgl odt bz
enbodi nent differs fromthe - 28 conventional LowIF
(pardiivnéerusl sfoventer Eréquabchas felri tha&reguehbg ipedng
for the frequency conversion using a second | oca

-aRd peRitipedyspssy the  fraauenew EFldéeei ver accor ding
[665§he enbodi nrent has denonstrated the successf ul
denddulation of multiband OFDM signhals. On the other

;handFIéhQBHH|Eﬁﬁﬂ@dthDQ%ﬁgfiggnfggﬁ%é%cy and how the

frequency folding occurs. FIG. 3(b) shows the relationship

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

GFDM signal, the frequency folding changes the sub-carrier

sequence but all the ne¢essary signals are Aﬁ—converted.
[0074]

The OFDM modulation system performs FFT 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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preanbl e sequence for packet synchronization. The

preanbl e sequence is designed on the prem se 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

i npossi ble to detect the correl ati on between the

recei ved preanble sequence and a known preanbl e

s€qigRetomol SokvEF trkice i vpEQR gHdwh B ©IEROS Blleliminates

e IOﬁs éhe preambl e detection method that uses a

seiehte rEuIten § e ruem py evdrousdsy omubibs i ph Vi Ngedd¥R 1ocal

o%&ghgfl preanbl e pattern by the I'F frequency to

enstire the correlation wth a reception signal

[ @0F%37 Si nce the preanble is a real -nunber signal, the

original preanble sequence is nultiplied by a

repet i Soofa®f thd BHE- Lting fram sanpl.in .

cos(-264 M) at 528 Il\/%z’ferc\%%g?!é a‘g%%?‘{-)lj”feg"l\}i% .geff?oglment

- clas Aemepveramone sucet sk Fuf IRMOBRE Yt ; 6X B(f'rg!}ﬂélﬂ\g_r@ OFDM

'Cbnsequently, t he synchroni zation i s obtaine y
sty tHe th6r eehhen ihemdpet e il MRGAPOFOM 54 uses a

?H%akﬁie squence resulting frommultiplying a

epet i tron° BteHF IRE Packpy syechradimsits one UERE Epreamble

iseapded detected,. - 29 [0077] FIG 4 shows the

ﬁeﬁgtionsﬁ$§ﬂﬁgg§g n°BntBei pFemise fesnbhe cenuehawion is
detected. In

dedeatpd eaimhing € Lt e Qb
G 4 pattern§%ﬂ?s3§ %i%réiﬁhﬁﬂt preanblend seueiicle.  In

cet ettt coul 1 6.1+ o rart e s PR PIs e
- Bhgprile S¢@QONBle is free from sorting by the FFT. Accordingly,
it is impossible to detect the correlation between the received
preamble sequence and.a known breamble sequence. To solve this
problem, the embodiment employs the preamble déte'ction 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. |

[0076]

Since the preamble is a real-number signal, the original
Dreamble sequence is multiplied by a repetition of +1 and -1
resulting from sampling cos(-264 MHz) at 528 MHz, where
c0s(-3264 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 preamble sequence intended to be detected.
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The Low I F nmulti band OFDM recei ver requires a Hil bert
bandpass filter that is unneeded for the direct
conversion system (see above) The reason is to renove
i mage conponents caused by the frequency conversion
~fromthe reception signal. There is a known nethod of
using a gyrator to connect the sane two real filters
so as to realize a Hlbert BPF (also called a conplex
[ofoArjer) having the -264 MHz center frequency and the
528 M#z band (e.g., see J. O Voorman. "The Gyrator as
a Mnaelighkhokkr et rébatleashopi bebyséenan"oPhgibal
thesis, pp. 83-103, University of Nijnmengen, 1977).

- pHc@@ifQle BleGuehdes amdciar puietamitilagsanuehaw Agtanplect aoy be

LPF. FIG 6 is a circuit diagramshowing a Hil bert
deBRELeA .crilini ¢dlG.péobipermteirs dortsr dheowerigtine lc pre@mble
frequency. In FIG 6, each of five gyrators connects
secvensgne Pabteeanll{13¢4ndia) tils éhehseanence ihgended to be
foll ow ng equati on shows val ues of transconductance
degecredcsepBipondi figpnt s ulid pdyiadon stegovidolon pEqhatdeh —1-
5] GnCn=Ref " X GnX co"/coy 30 [0081] In this equation
[00d8lis the center frequency; o )c the half of the

band; Refn is_the prototy LPF' s el enent val ue;
o UREST s L AL L HCEc) BE B B RESEORTHnRS G & i Lbert
t he transconductance to_deter.mm_ne 0. Cenerall t he
ba A o dd e o Lt GRBFE Bl Sto (Dte SLFRRE, SPByertion
sydtéh 2ggetf§k§ov%gr refle SR 0E L8 AL QISR AU bonent s
€00, coy, and fnis . ,
caused by the. frequency 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 BPF (also called

a complex filter) having the -264 MHz center frequency and the

528 MHz band (e.g., see J. 0. Voorman. "The Gyrator as a

‘Monolithic Circuit in Electronic Systems."™ Ph. D. thesis, pp.

-83=~103, University of Nijmengen, 1977).

[0079]

FIG. 5 is a circuit diagram showing a prototype LPF. FIG.
6 is a circult diagram showing a Hilbert BPF. Acritical 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 wvalues of transconductance G4Chn

corresponding to the gyrators.

[0080]
[Equation 2]
G,C,=Ref, XG X0, o,
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selected so as to provide an integer ratio between
GCn and G an integer ratio can be provided between
the transistor size and the current. This nmakes it
possible to easily fabricate the Hilbert BPF as an
integrated circuit and sinultaneously control the
center frequency and the band. Since the enbodi nent
provi des the same absolute value for coo and wc, the
prototype filter is designed so that Refn becones a
gigmlie integer ratio. [0082] FIG 7 shows a frequency
response of the Hilbert BPF according to the

enbodineitis WAL ot VRS |5 FHRAULNGYK /i §r§<!,11 ‘*—g’[ﬁiﬂ band‘s he

center frequency, the center frequency
hedif offetboriarol;| 8dfsiimulthanpoosbdyypd G383 eTl@ent value;

mul ti band OFDM UWB system has 64 sub-carriers, i.e.;
Gp2BS stlhe canisepsdintantalto Ceteaspe Ofe subGeay riserthe

the 56th are used for data transm ssion.

A R e M R L Feectpily dimos W

t%gni;czzétjff&u géé]ggoég?tlé{%eEggn%gg{gya S1S Onf ur ed t(t e

cu#Pen iz ﬁh‘fén 3BeMR) ot Sodhil Qnrotn?;nbg naI Inidyﬁgg fy

the I F frequency. Wen a capacito
seheeteddot @s am pudplde famomtém@fnrmﬁ_os&bta&etrpe,{;@ﬂ@m G,
DC of fset, the HPF cutoff frequency can be set to
aﬁpﬁ?%ﬁa%ﬂf@tyo Faivke, providéed ddtiveen the stapirsdsposdee
[ rOX|nateI 30 nanoseconds. Accordingly, it
%r%b%ﬁuﬁ "o é"éﬁss@?ktaﬁelt RafFiidehe eAsiimifebageate
t opse ti roxi mat el 1/,10 .of the
t Bl
e PR R Sk T e AEE! o S0 harsb i faneotaly
cd PO the center frequency and the band. Since the embodiment
. provides the same absolute value for oo 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 frequencyy the center frequency-and the band can

“be controlled simultaneously.
[0083]

ThenmltibandcmDM;UWBsystanhasi64submcarriers,i.e.;
128 sub-carriers in total. Of these, the sub-carriers up to
the *56th 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 freguency. When a capacitor is serially
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FIG 8 shows the configuration of a Low I|F nultiband
OFDM UMB mul ti band transmtter according to an

enbodi mrent of the present invention. (0085] The

Low | F configuration necessitates generation of an
OFDM nodul ated | F signal. As shown in FIG 8, the IFFT
is perforned for a.baseband signal as is simlarly to
the direct conversion. The conplex nultiplication‘is
performed for the signal and IF frequency exp(-j264

M3 rhef o ﬁ_ntcn&pg;‘e‘ %V@ﬂ%in@ger.%onag RIS, JRANEL pct oh@fs’.e't,
Low | F configuration can be easily i rrpr[ enent eg.

{IG086F dheortl drdhabdcPRIM pyesbem Usi fig R dike6ly 33 MHz. -
conversion transmtter perforns the DA conversion at

MOshipspimep Wasidtep ebbpomad etinee ifsr eagpenrymiod i rEm
the Low | F configuration necessitates

By contrast, ) con .
'taﬁlé’sl%ﬂo%ﬁver%q%dapgémzlm paseddlsetoheatfsfy the
fr ncy, b r.anges from-528 MHz tqQ 0 MHz. To
regPvE Sl 03556'113&?%?@ R APARARS D &rFEriRaR PR BAately
. 1990VEF SHHN b 10$ _ q g! Q. that .for the direct
conversion tr ang%)dt\{tfsglkrimtgokj E%xnl%%éelﬁ'héof?%r%fuséerﬁ?ﬁlds) ’
[oesppnse degradation. - 32 [0087] FIG 9 shows a
transm ssion | F signal spectrumwhen no correction is
made FI6 .t Beshowrs udnc yoh€s papaei 6e gs B datiiow IFNmtiDeiband
Low | F nul ti band OFDM UMB nul ti band transmtter. The
OEIpe W mulkaband - xansithar azteridinic touen tenddig iBAt of
onverter's aperture effect... Accordingly, the

Cc
tHS RJESSRF BANE bE®Reen -528 Mz and O Mz is not flat
{@gs]has a gradi ent of approximately 4 dB. The -

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. |
[C08.6]

The multiband OFDM system using a direct conversion
transmitter performs the DA conversion at 1656 Msps to easily
eliminate the frequency folding. By contrast, the Low-1F
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 de’gradationl.
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frequency fol ding causes relatively large anplitude
conponents in the bands between -1584 MHz 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 to the

I FFT In this manner, the frequency response can be
easily corrected so as to flatten the gradi ent of
approxi mately 4 dB. Another correction nethod is to

E&ﬁﬂge a double interpolator (x2 interporatot) to a
onpl'ex FIR filter. This nmethod can perform the

7L B4 AR AAATER) SOOI L G

dotreicabat iy mhGe €NRRS efe@lendy Rebpbhsl SiegTh88€ion in the
filters are changed to conplex FIR filters as shown

Tav-ZIF@uu Nt bamd@® FIRL WsiBows! tcidrpidek raagmooeif.i dhenssect rum

for the conplex FIRfilters. [0090] A third-order

has be siperckarpqteristictdne savvee PRegrirraterf 6l alberfure
nents. FLG .13 shows the spectrumof a 33

S gl ;rc,)"sﬁcé’ﬁdr’-ﬁgafg e AReTRERRY BaRs) PEHITTh BERE MDA

. ' it ' th t
B, 08 0930 BITATL EELAPERPLE A B HITER. e

FEQGERHE Y oRBEng RERKES reih@IVENG Y ahrQledidif GRARRANGH ot
As seen fron1% G 13,1Fhe DA 'goﬁﬁgktéggg'aperturé%ents

ief fleetbasisubetween carasdc MEE hend r-eBan ey BRSPS en 528
before IFFT. In this manner, a flat frequency spectrum

MEaranse Idbttaittiad.
[0088]

A sub~carrier power level compensator in FIG. 8 changes
the amplitude for each sub-carrier previously 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 interpolatiocn and the frequency response correction at the

same time.
[0089]

As shown in FIG. 10, the x2 interpolarto: is composed of
FIR filters. These filters are changed té 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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~dividers and SS

|

[0091] FIG 14 shows |ocal signals when the LowIF

mul ti band OFDM UWB mul ti band transmtter according to

t he enbodi nent uses a groupe-1 band as shown in FIG

17. As shown in FIG 14, local signal fw, is 264 MHz

hi gher than the center frequency of each band. FIG

15 shows a frequency synthesis block for frequency

hoppi ng (FH) used for this frequency configuration.

A%&shown in FIG 15, the frequency synthesis bl ock can
PRE™ $ ko Jfe sdmpalf vieequeriey Iobt-aFnedl £ 184AE HOMOLRBR

0 TCXO (tenperature conpensated
c%@gkkﬁgosééﬁﬁ%%@&Ff?ra@ﬁF°%§¢@Bhé§|Zés Peelssntorinvention
a mxer. As wll be

S@b&’f ) €S. USi Y
undergf%szdt e{/%%%ﬁ%é%l sjon LB signal §3frqq}ée1¥q3é@{ggng?moves

Sy nédesicsy kﬁogakn%ncgﬁ,&nénisdecﬁgagssgé %L%grbsée{&ga| the DA

m xers and easi

f perftrartsizds. ap@bO2de if@ect6i s $BUL L{gfa
resultln%?fron1528 MHz harnonics in tt$§§€§§%% K%equency
SEEP 6 FIGe 1BET nd rspluts nusnet gaatl atOgsshSeddy 95O run
Taar corghﬁg%g the RF bandpass filter can be used to
easli %purious signal conponents. 34

nggg grial Applicability [0093] There has been
escribed in detail the present invention W th

ref er e 4Q nb dlnent is to be
18 Sheue PRl SiRRRRS RFTR oY g PPl Eiaend

di stinctly understoo

OEPH oligB mﬂmaadaaeamgeeqatalc%% 30 S404d Ll ons e

may be made in the enbodi nent MAt epar
Pfies spurPepemt bsodpes ehothein pres eITi | RY &g 1nTﬂ“ﬂ§ 14,
& presen i nvention has been

.JLoé th t t ¢ ;

al nal £, is 264 MHz higher than the center frequency
of each band. FIG. 15 shows a frequency synthesis block for
freqlflency 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 oscilllator (e.qg.,

‘SF‘CXO {temperature compensated crystal oscillator)) and

synthesizes (adds or subtracts) frequencies using a mixer. As

-will be.understo_od 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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di scl osed as exenplification. The contents of this
specification should not be interpreted restrictively.
The appended clains should be taken into

consi deration for evaluation of the gist of the
present invention. -35 Clainms: 1. Aradio

conmuni cati on apparatus which is operable to use a

| ow-i nternedi ate frequency to receive a nultiband OFDM
signal _for hopping a center frequency at a specified
band {REBFEEIal Breddieabshity apparatus is operable to
nléofnreception signal with a |ocal signal having a

| ocal™frequency apart from a reception frequency by
hal f o | nterval for frequency hopping to
gener a?%@%g?%\%-#% LARRGT I fPelriaidy the graisengompossdd.on

ofithh lreer8hes nedliale cy..hal.f of sajd pand
i nlf erval . 2. A radti’:Hcg3 cs%%nsrgﬁ?%a I?bc?{#lgﬁﬁgrat o5 hifth hss

chetdbbely mndesetaol Wy tRbSE IRdhaLg y :
‘transnit a nmultiband OFDM si gnal fé?{ﬁgggﬂﬁbtégEéﬁ¥%P“S
{hégaen cpdarodi et inedairsdbs t PEQE Vs mSP KL made in the
apparnat us congr|5|ng: OFDM nodul ati on neans for
EORVEFTs Hy e &BAUE BRRadtingr from ¢hg spiriguedCcycepd HE the
LR [ l|.along_a tinme axis by performng
Bttt St bl TR peet thfm BREFSEY sinfferttéon has been
eIy asba - s inte di ate frequency
wultipIica?io%sﬁggﬁksééﬁybnﬁul%F%I???EFQFS of this

$pveifiitcariedi aheuld aeRey i u.ssi;on. signal
after being processed by sgiggﬁgﬂ%%ggﬁﬁﬁ F&&g?ggigo The

apReadednriabhy ssiotien ehebkéR JONSTRIMR iMdration for
CFE@4nDdulated | ow- internediate frequency signal;
evaluation of the gist of the present invention.
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DA conversion nmeans for converting a | owinternedi ate
frequency signal into an anal og signal using a
speci fied sanpling frequency; and frequency
conversion nmeans for converting a |low internedi ate
frequency signal into a high-frequency transm ssion
signal. 36 3. The radi o conmuni cati on apparat us
according to claim2, wherein any of inverse fast
ClafR@igr:i er transform (1 FFT), inverse- wavel et transform

and |nverse Hartley transformis wused as said
cortver®i SR8V ECEBUNG CEHARE r FIPAFAILYSI hiFh The PRErgble to

useC OAMBI,Caht 8PnaRPRE &t %eaﬁ&%g' % tQdBidn 2, nufi¥ibieh orFpM
conprl sin sub-carrier power | evel conpensatl on neans

signgl cBPFedtInRinNdmnaapeentiae SLREEENCH s@tdaDAspemfled band
1nt%Q%%§rSM%%rg§ﬁn§a98fgggarggggeﬂglpgegﬁﬁfa §JQP receptlon

S| gna reversel Yy to s ctrum ana
sm@@rhmt@ata dmc&fj-paﬁ‘la,‘-ﬂwé. deoomdi ey tacadl afmqtﬂandyuraﬁmrt from
r|S|n a co I Rfil or_. correcting. an
2 e B L BRI BYa Tn oty il e Iy £requency
hoppenﬁornnng g@ﬂyﬁﬁﬁéOnarew&mﬁ&nk@rm%ﬂeﬁtéUmﬁmﬁﬁdﬁﬁb§ signal

6. Tﬁs égdio ionnunlcatlon appar atus accordi ng
COMPPEFM Vhe 8Wn1’§%?’&“?4%?en§§688ﬁ96?’3|}bﬁ‘wlﬁreé?ﬁs $3id band

intepegable to generate a hi gh-frequency transm ssi on
signal by mxing a |low internediate frequency signha
with a local signal. 7. The radi o conmunication

appﬁfatﬂSrQQEBf@BRﬁu59c8£§EH1%pparatus which is operable to

use a low-intermediate frequency to transmit a multiband OFDM
signal for hopping a center frequency at a specified band
interval, said apparatus comprising:

OFDM modulation means for converting each sub-carrier

along a frequency axis into a signal along a time axis by

performing conversion reverse to spectrum analysis without

changing a baseband;
low—intermediate frequency multiplication means for
multiplying 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 freqguency 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.
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wherein a [ owinternedi ate frequency signal is
conposed of a lowinternediate frequency half of a
band interval for frequency hopping; and wherein said
frequency conversion nmeans is operable to generate a
hi gh-frequency transm ssion signal by mxing a | ow 37
i nternmedi ate frequency signal with a |ocal signa
having a |local frequency apart froma transm ssion
frequency by half of said band interval. 8. The radio

nlcatlon a ratus according to claim 2, further

r|§|n§a ah gg?%ﬂ?&ﬁﬁ%&%ﬁf%ﬁﬁﬁiﬁ%ﬂ? @FFPégng Fenpyeinm 2,
Un%@%&S_EYYany\/aV&ﬁ liRvaRsanakegr signal; coneLhedoby (1rFFT),
sai d DA conversion neans. 9. The radi o conmuni cati on

invegseravese bekortdirng frsme| aandl  gnvakeeei fesliey transform is
usécpt %r %QHakgntfé? H@r’?cﬁ/e{) 1.l§e,ertoc dt%%?h gnaﬁ'&gg_@grt

bandpass filter forned by using gyrator to connect
t he sane tmo real filters mnth each other. 10. A radlo

co ati appar at us mhlch iS O rable to use
o e LA o BRI TP SR S R s o R0 clain 2,
fur@REBM cemgrakifigr hoppi ng a center frequency at a

specified band interval, wherein a | ow-i nt ernmedi at e
T GUREREY™LEGnRPVPS 1o o iar 32 6 TIRes ki it €orrect ing

an fra@fﬁ«t&ﬂﬁ:}é halfraft a pandsaiat epgal J&fvefﬂsqgu%en%éans before
hoppi . ng; and wherein said apparatus is operable to

con@@ﬁéﬁ&ﬂe ghd FF&H§W¥§Sl@nh|gﬁgmﬁéqueﬁ%?e¥$%#%n1§§lonSPECtrum
ana§&gqgl by mxing a low internediate frequency signa
th a | ocal signal having a

5. The radio communication apparatus according to claim
2, further comprising:

a complex FIR filter for correcting an aperture effect in
said DA conversion means after performing conversion reverse to

spectrum analysis.

6. The radio communication apparatus according to claim
2,

wherein said frequency conversion means 1is operable to
generate a high~frequency transmission signal by mixing a low-

intermediate frequency signal with a local signal.

7. The radio communication apparatus according to claim 2,

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

wherein said frequency conversion means 1is operable to

generate a high-freguency transmission signal by mixing a low=-
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| ocal frequency apart froma transm ssion frequency by
hal f of said band interval. 38

intermediate frequency signal with a local signal having a
local freguency apart from a transmissicon frequency by half of

said band interval.

8. - The radlo communication apparatus according to claim
2, further comprising:

an intermediate frequency filter to remove unnecessary
waves 1n an analog signal converted by said DA conversion

mearns.

9. The radio communication apparatus according to claim
8,

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.

10. A radio communication apparatus which is operable to

use 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 of a band
interval for frequency hopping; and

wherein said apparatus is operable to generate and transmit
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 interwval.
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