Title of the Invention RADIO COMMUNICATION APPARATUS Technical
Field [0001] The present invention relates to a radio communication
apparatus for transmitting and receiving multiband radio signals 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
?ﬁ&%pﬁﬁic’&’!’@rlf%ﬁ’ §H5dR 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 ra@radiooMidinbhasfrees nsersdramsthe wired LAN
architecture. The radio LAN can eliminate most cables in working spaces
such as offices, making it possible to relatively easily move

commulcatiqor termpnals; such as personal computers (PCs). In recent
years, there is - 1 an increasing demand for wireless LAN systems in
ddtdtdance with their increased processing speeds and reduced prices.

The present invention relates to a radio communication
apparatus for transmitting and receiving multiband radio
signals 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 sbaces'such,as offices, making
it possible to relatively easily move communication terminals

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



Today, especially, introduction of a personal area network (PAN) is taken
into consideration for the sake of information communication by
constituting a small-scale wireless network between a plurality of
electronic devices around a person. For example, there are provided
different wireless communication systems using frequency bands such as
2.4 GHz and 5 GHz bands that need not be licensed by governing legal
authorities. [0004] The radio network performance is dramatically
increased while the integration and energy saving are improved for LSI

lechHoiGgias " RadiS ARt A iesd Rotttlidd ahakreiBeingeordance
wstandardized; fricesof.ragio LAN.-appargiiseshaye been, reduced . .

approximately as low as computer peripherals. The use of radio networks
Tadaot limited 1o cbhventivhabdomplter nétwonks rbuhisldiversely irttended

r.connection with peripherals in an office, transmission of high-quality
(E%d\eﬁo < &a%g nst?"ené%s S S RGThRAnt S &tish Sphafted ihd RBtisen

canthihedikei §0009] Typical standayds conceiningJadionepyerks inglude,
IEEE (The Institute of Electrical and Electronics Engineers) 802.11 (e.g.,

baguathpatrt dbetimeftel)e Figert AN Ae(elg e seer nompatent dotumBEnt

a%rg) IEEjIrEe802.15.3 and Bc!%etogy%f%ommunicati n. The IEEE802.11,
ard is

k& | ,
Stanhdart iS Tarther clabaified SRt arioas 74 0" ComnTucEABH &) Stehid o7

s wsiehnas iﬁE_E@Oﬁrbllaenaﬂ BRE882:kdn and thelike depending:on 1adigs
communication

that need not be licensed by governing legal authorities.

[0004]

The radio network performance is dramatically increased
while the integration and energy saving are improved for LST
technologies. Radio networks are used worldwide and are being
standardized. Prices of radic 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 Flectrical 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 further classified

into various radio communication systems such as IEEEB02.11a,



systems and frequency bands to be used. [0006] In recent years, _special
attention is paid to the "Ultra-Wideband (UWB) communication," i.e., as a
radio communication system to realize the short-range ultra-fast
transmission and is expected to be in practical use (e.g., see non-patent
document 4). The UWB communication performs radio communicatio_n by
using ultra-short pulse shorter than one nanosecond to carry information
without using carriers in a very wide frequency band. Presently, for

example, IEEE802.15.3 is under examination of the system for ‘ .
Iﬁﬁﬁgr&%ﬂﬁébpaé‘i{‘é%-stthﬁ’ct&Fé?fdé%@@ﬁ&ﬁﬂﬁn@lpré@@b%s:amma@@essm

.Sy ltra-wideband communication. [0007] In the future,
° gg%%sﬁvﬁgg‘ggé%%gﬁﬁl R%rclggs tIilf)etvf\))/grlaSé’%ﬁg[t:‘h as UWB for short-range

{80MBdunication is supposed to be incorporated into all home appliances

and CE (Consumer Electronics) devices. It is expected to.realize P-to-P
transniiSsonBEveEPER d&HRES o} HoRTE RERErkEatspeddsoovdre 100

" Mns. Whaasalimeigpuae RADHS ale yigely used. 1tis possibigfo
provide short-range radio communications at speeas over ps. tis

caigupdssiblecto replizenltra-fast shou-range DANHDeMicR Arga Network)
including storage devices and the like. [0008] When radio networks are

t%%ﬁ%rﬁ &ﬂfﬁhé&?aﬁﬁoﬁﬁ%@cg%F'to be in practical use (e.g., see

non-patent document 4). The UWB communication performs radio
communication by using ultra-short pulse shorter than one
nanosecond to carry information without using carriers in a
very wide frequency band. Presently, for example, IEEEB802.15.3
is under examination of the system for transmitting
packet-structured data containing preambles as an access
control system for the ultra-wideband communication.

[00067]

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-pP
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



environment where there is a mixture of many devices in a room, multiple
networks may be constructed to overlap with each other. The radio
network using one channel has no corrective measures when another
system interrupts the communication or an interference degrades the
communication quality. [0009] To solve this problem, the multi-channel
communication system is used to previously provide multiple
communication channels. An interference may degrade the
communication quality when another system interrupts the

e goRTREmatiorherthe hsumber of participating statipndsintreases to leave,

e allowance in the band. In such case, it is possible to select a

communication Ehannal 16 s Sherktions, Haitain ABMKOHE BPEFAShE: -
T d- fealize: sepwisienca Math the athanaetwarks, o[QQ1Q)e s example. thes

multi-channel communication system is also used in the high-speed radio
WIFAN 3y ETR tin THPisiancetwith UIREESD 2. 18cBnTindtds L there @re provided

{Ruliple freauency, channels availabic for ihe system, According to the
algorithm used, a’radio communication device, Wﬁ{élﬁ arned on, scans for

[ &loavailable channels. The radio communication device becomes a
piconet coordinator (PNC) and confirms whether or not there is a device

transfittifg e BeaBaR SRFitaiATthe Vicinity 1 The Jaeiioednwnamicatioat ion
syiedee pelaelag eausneydIannel o Rs: 48edu iR USRI 1 on
channels. An interference may degrade the communication
quality when another system interrupts the communication or the
number of participating 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.
[00107]

For example, the multi-channel communication system is
also used in the high-speed radio PAN system in compliance with
TEEE802.15.3. That is, there are provided multiple freguency
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.

[6011]

Constructing a radio network in a room forms the



- 4 multi-path environment where a receiver receives a layer of a direct
wave and multiple reflected and delayed waves. The multi-path
environment generates a delay distortion (or frequency selective fading)
to cause a communication error. Further, an inter-symbol interference
results from the delay distortion. [0012] Major countermeasures against
the delay distortion may include the multi-carrier transmission system.
The multi-carrier transmission system transmits transmission data by

diﬂ:rib_utin it to multiple carriers having different frequencies. Each carrier
& provided with’a harrow bailid® Thaking fediffett e se sapjectiovstfedts 2

aottherfrequency selastive,fading. Ap013L For example, the QOFDM

(Orthogonal Frequency Division Multiplexing) system, one o?\r%eu?ti-ca#?gr
At $misdibn esystenspennfigaresca frequensylofeathsearrier 0 thatthe
carriers beconie orthogonal to each other in a symbol region. During

RS RGN Tarentisd nt i Bfdteh? cEAVERs Refialpurdrshiriy error.
rinferaationrintaparaliel jpfermatien a¢ &-symbol Jreauency lower thap the
information transmission rate. The system allocates a plurality o? pieces
dbf bOfutdata to each carrier, modulates the amplitude and the phase for

[335_:9 carrier, and performs the inverse FFT for the carriers. In this
manner, the system converts the carriers into signals along the time

Major countermeasures against the delay distortion may
include the multi-carrier transmission system. The
multi-carrier transmission system transmits transmission data
by distributing it to multiple carriers having different
frequencies. Each carrier is provided with a narrow band,
making it difficult to be subject to effects of the frequency
selective fading.

[6013]

For example, the OFDM (Orthogonal Frequency Division
Multiplexing) system, one of multi-carrier transmission
systems, configures a frequency of each carrier so that the
carriers become orthogonal to each other in a symbol region.
During information transmission, the system converts serially
transmitted information into parallel information ét a symbol
frequency lower than the information transmission rate. The
system 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



axis by maintaining the orthogonality of each carrier along the - 5
frequency axis. The reception occurs in the reverse order of the
transmission. The system performs the FFT to convert signals along the
time axis into those along the frequency axis and demodulates the
carriers in accordance with the modulation of each carrier. The system
performs parallel-serial conversion to reproduce the information that was
originally transmitted in the serial signals. [0014] The OFDM modulation

System |§ adopted as.a wireless LAN standard in the IEEEB02.1la/g, for
éxample. The TEEEE0S 1555 “HERARASEHOR idaIsE T HroGess foFdse of

cHWE commusication systers wising the OFRMmodulation systemin. ,
addition to the DS-UWB system and the impulse-UWB system. The
SHERBTE PS8 rkh i érias exxdprdant spdedseof DS infonm aticrgsignals 41 s

o HUSSH DL The mpulse W systom yses mpulse sigral

ﬁra,[efrs or
sequences havmg very snort rrequencies o

ot eanfigureripfermatiamsigapla for trRnsrission,and reeention. With
respect to OFDM UWB communication systems, the multiband OFDM
CERVB*SOMMUtficatdir syistetn [ :endefdiseassion (&at, sesnomdpatent 1y

cdogument 5). The multipand OFDM UWB communication system is an
OFDM modulation syste?nrfhagt pselr?(?r#'/ss frequency hopping (FH) for

[ freiiency bands ranging from 3.1 to 4.8 GHz into multiple frequency
channels (sub-bands) each composed of 528 MHz bandwidths and uses

IFFT/ERT WRREZQF Hetiutieyiai@rospesenbed 28spaimé reless LAN
standard in the IEEE802.1la/g, for example. The IEEES802.15.3

standardization is also in progress for the UWB communication
system using the OFDM modulation system in addition to the
D5-UWB system and the impulse-UWB system. The DS~UWB system
increasesspreadspeedsofl%;informationsignalstx:theutmost
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. WithrespecttxnOFDM_UWBcommunicationsystems,the
multiband OFDM UWB communication system is under discussion
(e.g., see non-patent document 5). The multiband OFDM_UWB
communicationsystemisenlOFDandulationsystemthat;@rforms
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



[0015] FIG. 17 shows a frequency allocation definec_i inthe -6 multlbanfd
OFDM_UWB communication system. The frequencies are composed 0
groups_l, 2,3, D, and 5. Group 1 is composed of bands #1 through #3
whose center frequencies are 3432 MHz, 3960 MHz, and 4488 MHz,
respectively. Group 2 is composed of bands #4 through #6 who_seI center
frequencies are 5016 MHz, 5544 MHz, and 6072 MHz, respectively. _
Group 3 is composed of bands #7 through #9 whose center frequencies

MHZrFE2 and, 7656.MHz, respectively. Grogp Dis
gcr)@n};&p%%%d of ggr%dégﬁg%hroughctfltzl\(/)v%oss%s&éeﬁer fléGuéneesite‘grsare

AM 87D MH2 r aumols9240 MHz, respectively. Geoup,5 is g%m(p&ﬁ%%%‘ g of
gan%s ##]13 gnd #14 whose center frequencies arel97 8 MHz and
MHZ Sresp%cﬁ%‘l@f‘ It R W da o) 16 ide fraetbaims irgroup 4 MThe 3960

dupand s for the future expansion. (0016)
gfkgrl%@sikjlﬁggan coﬁf%ﬁ%&%&? %;:/agrg] le c?ﬁﬁ{élprezgeﬁefaglé’&?&dtﬁéf bands
riutibaABCO FoVHbpstent ¢o gersee aipnopatent dOGUBIENE G}, Thes 44 Mitz,
g%gpi\égr,'gq EII{G 18 is configured for direct conversion. The direct
conversion syzsterﬁerse%’&Fésvﬁr]rYinteﬁﬁé&i%té frb‘gmeyqﬁé)dstagebé\n:s #7
towauiseramaios UNA). mplis f idnel eonied pan anoma A
mixer then multiplies the signal by a local frequency to |r_éc p
Hetfuf& coinrrsionitoed basebandsignals Thergyasapledr B1G.qL8 WSES

éﬂ&%ﬁﬂﬁ?kﬁ@”%ﬁ%%%sggggégmkgggﬂgggyés are 8184 MHz, 8712 MHz,
and 9240 MHz, respectively. Group 5 is composed of bands #13
and #14 whose center frequencies are 9768 MHz and 10296 MHz,
respectively. It is mandatory 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
intermediate.frequency (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
frequencyconversioncﬁfreceptionsignalscorrespondingtx>the
I and Q axes, respectively. After the frequency conversion,

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



frequency conversion of reception signals corrgsponding to the _I and Q
axes, respectively. After the frequency conversion, a Iowjpass fllter. (LPF)
extracts low frequencies. A VGA - 7 (Variable Gain Amplifier) gmpllfles
the signal. The AD conversion is performed. Further, the_FF'_I' is
performed to transform time-axis signals to freqt_Jency-aX|s §|gnals. Each
carrier is demodulated to reproduce the information transmitted by th(_a
original carrier signal. [0017] When using the group-1 band as shown in

: f p ir c nversjan receiver as shown in FIG. 18
Fé?uﬁ%iblgia%%ﬂa%ﬁ%l%étaﬁcree ?‘r%%ué?mles 2*MUF 3960 MiHED
8A04488 MHZ thataredhesame asihaRE signal'seenier flieguengies. .
0018 he direct conversion system eliminates the use of an IF filter,

eas gTroadehLén thé fctivdrephndt anfuReiteres-eibility ofthe . Each

t on erS|on system equallzes
&a@ejy@&cgeflwﬁé@ﬁl'é@a&e\@é @eep% o sy ek L

the reception frequency with the loca equency

‘pFeprem tgdheyotale signiad srself mixing d:0 selfimixing) causes a DC
nent, i.e., a DC offset (e.g., see non-patent document 7). [00_19]
1@9@% shows how the local signal's self mixing occurs. The local signal

leaks frorarthe ggg@lvggg)ogyggl;hg antenpa, T s S|gnal p?,rf é\lly rgflec
at the antenna and returns to
example, the direct conversion receiver as shown in FIG. 18

requires local signals having three frequencies 3432 MHz, 3860
MHz, and 4488 MHz that are the same as the RF signal's center
frequencies.

[0018]

The direct conversion system eliminates the use of an IF
filter, easily broadens the receiver's band, and increases
flexibilitycﬁfthereceiverconfiguration. 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).

[G019]

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
the receiver. The mixer multiplies the signal and the local
signal itself together. In 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



the receiver. The mixer multiplies the signal and the local signal itself
together. In 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 - 8 and is mixed with the local signal. [0020] In
FIG. 19, for example, let us assume that the local signal's amplitude is 0.5
V; the low-noise amplifier (LNA) and the mixer provide a total gain of 30
dB; and a leaking local signal reflects at the antenna and returns to point

A FlG. 19 to.attenyate, -70,dB. ndgr }lhii condition, the DC offset for
mixer output is found to be 2.5 mV. Sinde the expected wave's signal

|€0€Figlapproximately -74 dBm at the minimum, the mixer output
becomes -44 dBm = 1.4 mVrms. It can be understood that the DC offset

becomelzngr%%\?er than theexpetted ewales signaldevele[0024] Tite: local

tollgwdng equationdescrihes a-pracess to generate the DC offset. In the

equation, chi?%)t) represents%e{]?o?a es?g(%dal ARS HPLTEdpecdvaly) ana

Hifresénetheanplitede andithe phaseof asreflasied yave ﬁeégmqg%q the,;
e DC

glix%% nég%fgcugtion, the first term of the right side represents th
ofidet. The second and thitdBHARREpREskAtadoUbIe ftagueriayt A in FIG.

e oo e R O B e
for mixer output is found to be 2.5 mV. Since the expecited
wave's signal level is approximately -74 dBm at the minimum,
the mixer output becomes -44 dBm = 1.4 mVrms. It can be
understood that the DC offset becomes greater than the expected
wave's signal level.
[00211]

The following equation describes a process to generate
the DC offset:. In the equation, cos(wt) represents the local
signal and « and i respectively represent the amplitude and the

phase of a reflected wave returned to the mixer. In the egquation,
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(a) t+ ¢)- cos(ca t)= % - (cos(g}) + cos(¢) . cos(z @ t)- sin(¢)- sin(2-w- t)

[0023]

Since the multiband OFDM system performs the frequency



[Equation 1] acos(wt+0)cos(wt)_la(cos t)+cos(O)cos(2wt)-sin([)sin(2w,t))
[0023] Since the multiband OFDM system p_erforms the frequency 9
hopping (FH), the local signal frequency varies with each frequency
hopping. Since the antenna's reflection coefﬂmept_ deper_1ds on
frequencies, the DC offset resulting from self-mixing varies with the

[ [ tly as 3.2
frequency hopping. The frequency hopping occurs as frequen
I\/II-?Z equal to the OFDM symbol rate. As shown in FIG. 20, the DC offset

tepwise varies at. fhe frequency of 1/3.2 MHz = 312.5 nanoseconds.
1?0024)ll§ er%@lfy,t%ég Dic{? %?fgets %{sgrré%oéc? %?%Ié_?i}élly?rﬁeerﬁr@ 1:_5“ each
Eapacitorin tie priixer. outpibdt His:Gase: £aPaGHOE G andGircit e £1 oi ent
Impedance R construct a first-order high-pass filter (HPF). The cutoff

#re GiEHEy IBr FregdeRRy tesporidebBEomESs 4t (216GR) t The donvergence

i [ he multiband
dime far stepresponse heeemes. 2¢nCR. [0023] Since t
OF%M gysggr; uses tﬁe g&%—carﬁe%%?g&&éﬁé’yﬁg?ﬁwM thfhef tfrdgprcy
heanversiorereosives i rreguastad taass umiod:as MblznWilk sespesto 1
to.the Dg oﬁ%et, the convergence time for step response needs to be

3_85

Tithited to approXimately 17100t thé& oFBM 2§ isor rafec(apprexinaatihs 36t
thanasecnds, Whenthe cutgff frequencycis set to 4.125 MHz, the time to

converge the step response becomes as large as 745 Hanoseconds (=
[$f22$35 MHz) as shown in FIG. 22. The problem

Generally,the[X:offsetisr@movedknrseriallyinserting
& capacitor in the mixer ocutput. In this case, capacitor C and
circuit impedance R construct a first-order high-pass filter
(EPF) . The cutoff frequency for freguency response becomes
1/{2nCR) . The convergence time for step response becomes 2aCR.
[0025]

Since the multiband OFDM system uses the sub-carrier
frequency of 4.125 MHz, the direct con&ersion 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
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.

{0626}
Generally, available:neans(ﬁfqhanging frequencies is to

multiply the same oscillatory frequency using PLL {(Phase Lock

- 10 -



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
Loop). However, there is the problem that the multiband OFDM UWB
system is subject to a large difference in the channel changeover as
shown in FIG. 17. The single PLL cannot change frequencies within such
wide band. A high-precision multiband generator can be constructed by
1growdlng multiple oscillators and % nerating corresponding frequency

OWEETS fere fitsy Bé pf ﬁleﬂg@ééﬁ&\emtﬁéélr@mﬁ Pranar
Simensign %ngr glg)@?gmpi%%n alfr%$genc¥ fphaf?i? dlffereF %ame 1
em, mult

eachoscillator, and the like. [0027] To solv his pro
Wemam;s perfdrmed iby Fageatedly dI\HdlrtgLﬂ’lﬁlélﬂgllﬂ_,fW@ychange
gut from the oscnlator and mixing divided output frequencies (i.e.,

PURMGS SUH OPP SR b B eRmBen fr |@§)eqe®?8?m819§oand

gcaagm@tﬁcaux shows A conyeniippg! example of s freguenc f}fhgé'ﬁ’s
block (group-1 3-band mode) for frequency hopping (FH) use for t _

dife@coiatision reoaesp asshoyd i Flénd$ bhiesmulibasd QEDMe re
sg/%?(t As s own in FIG. 23, the divider and the mixer can be used to

G BPOS RGP ﬂ‘éﬁﬁgﬁf}%sﬁﬁe%’e?ﬁ@rlﬁeau%ﬁ@%‘? SHAPBEAG VAR

power consumption, a frequency phase difference for each
oscillator, and the like.
[0027]

To solve this problem, multiband 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).
{00287

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) .

-~ 11 -



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) - 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 sample clock. The 528 MHz

. gmglg clock is further divided by 2 to extract the frequency of 264 MHz

af is & bandinte VAl S eénR A EGaETtRS foF FrediERs) RBBPIiG 08B0y
o Eachmixer.markedwith 8956 (inls, Side Band).peioms ity o0

adding or subtracting frequencies of the obtained signals as mention

SaPoNEZ ThHeahixes adusifréquenciespfls28 IMelz. and2645MH M yielthihe:
Adseslector (Select) selects 264 MHz or 794 MHz.
Y

requency.of 794 MHz. /
C#%‘g}ysdﬁségﬁé:%ieés%lgén rQNdé fobir S8MTsRLLHE TFHRt RIS by? 64
wiperterming adeliien of subaction hetweendthe selacted optpui-reguene
264 MHz or 794 MHz and the original 4224 MHz frequency signal. T0031

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

subtraied fkaRe4224 Mida to geNesa® (single Side Band) performs
mixing, i.e., adding or subtracting frequencies of the obtained
signals as mentioned above. The mixer adds frequencies of 528
MHz and 264 MHz to yield the frequency of 794 MHz. A selector
{Select) selects 264 MHz or 794 MHz. The subseguent SSB can
provide four combinations of freqguencies by performing
~addition or subtraction between the selected output 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, 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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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 - 12 of complex
signals whose phases are orthogonal to each other. As shown in FIG. 24,
each of frequency signals f, and f;, is provided with orthogonal
components. Frequencies can be synthesized by adding or subtracting

freqUBRties dlimbrthe HieftfoR fe6rem ot the Bhgeremetiie fanclionther -
2E1Gn24y, frequency signal f; is setto4224 MHz and frequengy si f..is
set o 264 MHz or 794 KIHz. [0033] Howéver. the ¢o ?/Egﬁﬁor]%élafr’ggﬁ%néﬁ
psythésis blotk asr showminl Fiemdbis=sithject torthgdotowing peablems.
S§3034] (1) Since two SSB mixers are needed, the circuit configuration is

BipfitatetFaRd tREDHIE CoretitBRsT i targ 5¢ (D35 L0 SHicde thet P64
aMHz frequency signalds:a, Lectangylag, waye third harmanics cause.a ,,

spurious signal of approximately "up to -10 dBc in group 1. [0036]
frequency signal f. is set to 4224 MHz and frequency signal f,
is set to 264 MHz or 794 MHz.

[0033}

However, the conventional freguency 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 S$SB outputs not only
792 MHz as an intended frequency, but also -264 MHz, causing
a spurious signal in group 1.

{00371
(3) Since the 264 MHz frequency signal is a rectangular

wave, fifth harmonics cause a spurious signal of approximately
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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 - 13 up to -14 dEc in
group 1. [0038] [Non-patent document 1] International Standard ISO/IEC

%2 -11: %98% E) ANSl/lEEE Std 802.11, 1999 Edition, Part 11: Wireless
TANCMediumtAccasE SRR o (MAC) and Physical Layer (PHY)

Speaifications [Non-patent document 2] ETSI Standard ETSI TS 101
761-1 V1.3.1 Broadband Radio Access Networks (BRAN); HIPERLAN
Type 2tivatanatk CordrotDE@) Layer; Partl: Basic Data Transport

Functlg (%Non atentld%cu nt31 ETSITS 101 761-2 V1.3.1
Broadband Radio Access \A%]fﬁs TERARS HPERLAN 1998 $EData
ahisk Qempol¢RLC bayer;, Pars2:s Ragie Lipk Control(RLC)sublayer.

LAN -
Non-patent document 4] "Ultra Wideband -- A newborn revolutlonary AN
T LGOI GGy = NikkeiMAiS ttronitsPh ¥ March 2002 1pp B55:66.

Specifications
[Non-patent document 2}

ETSI Standard ETSI 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; Part?:

Radio Link Contreol (RLC) sublayer

[Non-patent document 4]

"Ultra Wideband -- A newborn revolutionary wireless

technology." Nikkei Electronics, 11 March 2002, pp. 55-66,

[Non-patent documént 5]

IEEES802.15.3a TI Document
<URL:http://grouper.ieee.org/groups/802/l5/pub/2003/MayO3
filename: 03142r2P802~15 TI-CFP-Document.doc>

{Non-patent document 6]

Anuj Batra,

"03267r1P802m15_TG3a~Multiwband—OFDM-CFPwPresentation.ppt,"
pp. 17, July 2003.

[Non-patent document 7]

- 14 ~



[Non-patent document 5] IEEE802.15.3a Tl Document
<URL:http://grouper.ieee.org/groups/802/15/pub/2003/May03 filename:
03142r2P802-15 TI-CFP-Document.doc> [Non-patent document 6] Anuj
Batra, "03267r1P802-15 TG3a-Multi-band-OFDM-CFP-Presentation.ppt,”

pp. 17, July 2003. [Non-patent document 7] - 14 Asad A. Abidi,
"Direcﬂ@%%\/érsi%*ﬁlﬁédid'iﬁ%%*e-i@@mféﬁwtﬁ@ﬂémmﬁ@aﬂ@ﬁﬁers

EE. ). Solid- Circuits, val. 0.1 , 1399-1410, 1995
%%c%é}&ré%g%gﬁr%egrﬁ%% %’g}éble(r?”lgt% g So @gé%f%haé% Fm%rﬁ%r% t[?)t)?}éﬁl )
FEmbadimenis ofithe preseritdnventipngFovide an excellent radio
communication apparatus capable of appropriately transmitting and
receiving multiband OFDM signals for hopping center frequencies at a

ﬁ@i@%p@ngfi%gvainwgggfggr Solving the Problem [0040] According

to a first aspect of the present invention, there is provided a radio

comm@michlien appdsatuSalirell igestlselclnirdaitiediate frequency to

receive a multiband OFDM signal for hopping a center frequency at a
ecitied band

Embodiments of the present invention provide an
excellent radioc communication apparatus capable of
appropriately transmitting and receiving multiband COFDM
signals for hopping center frequencies at a specified band
interval.

Means for Solving the Problem
[0040)

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 comprising:

frequency conversion means for converting a high-
frequency reception 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 freguency; and

OFDM demcdulation means for converting an AD-converted

- 15 -~



interval the apparatus comprising: frequency conversion means for
converting a high- frequency reception 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 OFDM signal on a time axis into a sub-carrier along a
frequency axis so as to perform fast spectrum analysis, wherein the
OFDM demodulation means sorts a sequence of sub-carriers changed
Cliitfé o fregrhistity ity Tatised by & sapling fiequedcydutiny ADiency
2 £o0version after Epee3g1“tormin the %onvegsion S0, as to perform fast

QLY CCTTam Il
spectrum analysis. Any of fast Fourier transform ( , wavelet

transfer; @ Hatleyr iraasiasmoan berlsedas the onVersionse as tor
perform fast spectrum analysis for OFDM signals. [0041] Conventionally,

SYRE Tirect thRVERGBI ST id Osdd son e fatehmrdhapretaivssl by a

s dRHibRod OERM-Rignals forjoRRINg, RIS fIgauengies.ata specilied,
band interval. However, the direct conversion system equalizes a

canrepticnfreguencyowith: folonat frequercyt rGanseguesty, salhmixing 0f @
local signal causes a DC offset. Since the multiband OFDM system

FAHSIS HPEGIHS H3Pihg, HIdEgharRsdaaiy vafbdinmhleath
 JERQUSNGY QQHQH@'\éi@&ea%n. @Q&eggﬁlvc*er?g?gjlogc?ofgi%igrg)erform fast

spectrum analysis for OFDM signals.
(0041}

Conventionally, the direct conversion system is used for
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.
f0042]

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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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
CeabResa @ GsEt fean easily Separared becausdithedréqbendiss:s

are apart from each other. The Low-IF receiver - 16 causes a.new
f%)%b gmé.i a iss,eif?éléljfrieoscﬁﬁe ﬁﬁggﬁl%a%}%%as%rﬁeltélrngﬁ& %esdeco%]‘a I%%%I

dsignet thatrarergineeded-forihe . direGt-eoRVErSINBNECRIVElafFUTthes; gnal
sampling an IF signal makes it necessary to increase the sample clock

Tgeof the ADE EoHverfer. DUA3IaWhéh Yecalling adirftiband ©FDMhe AD

Cgilg‘gglr@éyequency hopping, the radio communication apparatus .
according to embodiments of the present invention performs conversion

soasas FFT for fast spectrum analysis of OFDM signals, and then sorts
sub-carriers by rotation. This eliminates the need for frequency
convel§iBh siRG Bvsetbritl ealdigrarand "ehablesahe e cithesame
AD convers}ilon clocgk as for theilggggt conversion receiver. £%0441 The

h?l%%h%%bytco%vré%sﬁé% means mixes aopecaeijrﬁ%ﬁasﬁﬁﬁaﬁﬁ% ajtggalts(i’gnal
et genesatedowrintermediate-frequeneyi-ion performs conversion
such as FFT for fast spectrum analysis of OFDM signals, and
then sorts sub-carriers by rotation. This eliminates 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.
(00447

The frequency conversion means mixes a reception signal
with a local signal to generate low-intermediate frequency
signal. Specifically, the freguency conversion means mixes a
reception signal with a local signal having a local freguency
apart from a reception frequency by half of a band interval for
freguency 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 freguency 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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signal. 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. In other words, the AD conversion means
saraplesladalbgisigiaiaginerasampling frequency equivalent to a band
- %6 4iré?erval for frequency hopping. [0046] The radio communication
gppara us according to embodiments of the present invention further

includesran #aterediate:fiegueney: fikprto-rameve ppegessanswaves in
an low-intermediate frequency signal frequency-converted by the

fraReHRy ConvetsioRmBERES Rlccordifgtethe LW IEL systehndpe an
inter %&a}stféema%ﬂg r s gemposed of g, Hilbert bandpass filter .
#ormregﬁ i v ?o Ffﬁ vgith eacﬁ e

y using a gyrator to connect the same two real filters
atherWheneoonfigusing thedlibert,BREdbw Usingeagyrator foncennectian,
between the same two real filters, the present invention uses an integer

frafio foreat BlsmeRt VRIS oPthd BRI r-tfihé protolb e filtéh asta YedHilter,
1o thismanper. the presentipventign.can, simyltanaqusly,contol the
center frequency and the band.
Hilbert bandpass filter formed by using a gyrator to connect
the same two real filters with each other. When configuring
the Hilbert BPF by 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 freguency and the band.
The Hilbert BPI can be easily realized.
[0047]

Generally, the beginning of a reception frame includes
a preamble composed of a known sequence. The preamble seguence
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 seguence
is free from sorting by the FFT. Accordingly, it is impossible
to detect the correlation between the received preamble
seqguence and a known preamble sequence. To solve this problem,
embodiments of the invention use a sequence resulting from
multiplying the known preamble sequence by the low-

intermediate freguency to
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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
PreanthlENseqeEneeaTersoErhis probRiTh contbiatifdents ot tHe imaerton

% e fflss% uence ée%'“a%ére%@ g}yeltgl\{lfné_}mg?elfnown preambl_e sequence
y theé Iow- intermediate frequency to - ensure the correlation with a
rexcegtion signal. In this manner, it is possible to detect the preamble.
[0048] Disclosed herein is a radio communication apparatus which uses a

low-intéfniediRtE Freerichiey toitransafta MOBERETREDM Sigpat #6is
MP&“%@%G%GE%QH&?Q%%&§98°‘f§§ pand.interval. The apparatus
comprises: OFDM modulation means for converting each sub-carrier

along adret| ey axishato avOFRM-siggakalenga tintfe-axiselyy at a
performing conversion reverse to spectrum analysis without changing a
PaRebah %I dwittetmeialé freqdéfcymbtipcatforCRIBARS 3615 -
multiplying a low-intermediate frequency and a transmission

OFDM modulation means for converting each sub-carrier
along a frequency axis into an OFDM signal along a time axis
by performing conversion reverse to spectrum analysis without
changing a baseband;

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

DA conversion means for converting a low-intermediate
frequency signal intc 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-menticned conversion reverse
to spectrum analysis.

[0049]
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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 invéF@@ Héi’ﬂ”éWtr*ﬁﬁ%’Fdﬁﬁ@%‘én%@lﬂ.sééaefssfﬁ'gél@éve@‘ﬁéﬁﬁéﬁ@a a
CONELHIPDIEOrSe E%ﬁqﬁsft%g*gn?ﬁa&s'fy{t%049al{ 19 I LOWAIF i an

multiband OFDM transmitter generates a“ transmission ﬁ?%lilé%r?glyby

noattiplydngrasn |EdeqiencyanskanDO oM signahiogether-befosa DA o v
conversion. The transmitter uses sub-carrier power level compensation

ME&s B'EofrREr i apéittre bffEL of P DASCOVSTsTEtPIfedits Befarert
C&@V%@%&Ha@f@é@%@@'ﬁveg%@gggé%gﬁgg% - 30alysis. In this

manner, a flat frequency spectrum can be o It Is possible to use
thersarne DA conversion clockn asifondhe direct sonversionreceiver.
[0050] A complex FIR filter can be used after IFFT to correct a frequency

rEEFONSE Aueltd the BABIVETters Apéfturd SHRELN (RS RidnerCaTlate
frequeney:SPeErym £a0D8 1 ¢ to use the same DA conversion clock

as for the direct conversion receiver.
[0050]

A complex FIR filter can be used after IFFT to correct
a2 frequency response 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 freguency response correction.

Effect of the Invention
[0051]

Embodiments of 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 embodiments of the invention, a
multiband OFDM  UWB transmitting and receiving apparatus
is provided in low-intermediate frequency (Low-IF)

configuration to be
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obtained. It is possible to simultaneously provide the interpolation and the
frequency response correction. Effect of the Invention [0051]
Embodiments of the invention can provide an excellent radio
communication apparatus capable of appropriately transmitting and
receiving multiband OFDM signals for hopping center frequencies at a

cagerifiet bai A& [GOSZTAECOrdiRY t6 entBodirént st ariretian,
£y iband OELM QW ransmitting and recelying-apparaiys is.
provided in I%W-ﬁte?fmggigte%{rgqu%%cy%?gvsv-Iﬁ c&%lguargt%ﬁ% i%nf?zo
g«oapabteiofrsalving prelilems«atirthbutedto. a direct-conversion transmitting
and receiving apparatus and of facilitating generation of local frequencies.
EC[@@@@] Embodiments of invention solve the problems attributed to the

Lo iFeeselyerinat iauires.the: Hibed bandaass lilerang,the second

local signal unneeded for the direct conversion receiver and increases a
atgamplingclock afhtha.AB-tonveret te sample IFssighats: Embodimests of

the invention can apply the Low-IF system to the multiband OFDM
bagystant [Bb54FAY inBEtOS@rﬁBBGi%@ﬁ%lofsthéﬁﬁ\}ehﬁéiﬁ%ﬁ@@_o@?%the

dﬂf%¥ﬂ¥%£§ﬁgb@%%23495%%éf%%ECQHE?G%§§E¥a§5!3a sampling clock of

the AD converter to sample IF signals. Embodiments of the
invention can apply the Low-IF system to the multiband OFDM
system. [0054]

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

[C055]

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, embodiments of the invention
use an integer ratio for an element value of the ladder-type
prototype filter as a real filter. In this manner,
empbodiments of the present invention can easily control the

center frequency. The Hilbert BPF can be

- 21 -



eliminating the need for frequency conversion using the second local
signal. In 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
Sféceiver§8és #iciHilbert BPF to remove an image resulting from the
[Hg%ljency conversion. When configuring the Hilbert BPF by using a
gyrator for connection between the same two real filters, embodiments of
the inveation useanintegeratieforanelemestyalierof the laddettype
prototype filter as a real filter. In this manner, embodiments of the present
LHRfention ceredsiyPEontFGIne eentet frédiericy™ THe itbért BEF can be

rafdveagivieaized. J0BEL Wiien acapaciiep is spiialiv jnseripd o an
output from the mixer for frequency multiplication so as to rémove a DC
roffset; dbe invention eamlimitithetstep teSponse time to@ppreximately
1/10 of the OFDM symbol time by setting the HPF cutoff frequency to
CEppréRiniely 38 M. 505 A1 Eow EIRRIBAcP ORIt TSHA Rter

sacgarding to the invention generates a transmission IF signal by

[0057]

The Low-IF multiband OFDM transmitter according to
the invention generates a transmission IF signal by
muitiplying an IF frequency and an OFDM signal together
before DA conversion. Correcting the DA converter' s
aperture effect before IFFT makes it possible to use the
same DA conversion clock as for the direct conversion
receiver.

(0058]

Since embodiments of the inventicon provides the
multiband OFDM UWB transmitting and receiving apparatus in
Low~IF configuration, it is possible to easily generate
local frequencies and decrease spurious signals.

[0059]

These and other aspects, 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
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multiplying an IF frequency and an OFDM signal together before DA
conversion. Correcting the DA converter' s aperture effect before IFFT
makes it possible to use the same DA conversion clock as for the direct
conversion receiver. [0058] Since embodiments of the invention provides
the multiband OFDM_UWB transmitting and receiving apparatus in
Low-IF configuration, it is possible to easily generate local frequencies
and decrease spurious signals. [0059] These and other aspects, features,
and advantages of the invention may be readily ascertained by referring

CEMNE0IIbMiRG Bhibddifhémd srpeifvestieRemtPapienaes rdrvings. an

<30It Descriptien, of Drawings . [0060] FIG, 1 shows the configuration of a
Low-IF multiband - 22 OFDM_OWRB transmitting and receiving apparatus

accoréting.t@ ati egrbodimend DI thepsesenhibyentioBcEiGe2 portion of
dia(?dramatically shows only a receiver portion of the Low-IF transmitting

theh dfeteling SHpariist BIG 28 S hERrEHE TR RRRRSABIing occurs due
to ADpegnversion gk %&Mﬁ@gseg%;igf@ai@g-&éh@\éﬁ&@s £o AD

relationship between an original” preamble sequence and a preamble
cqmw@mmtgﬂnmﬁdéﬂmgkneception signals.

FIG. 4 shows the relationship between an original
preamble sequence and a preamble seguence intended to be
detected.

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 nultiband 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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detected. 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 spectrum of 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
I¢onfiguralion ekanyierofthe momplex-FR filtery G i 21shiows gomplex
tap coefficients of the complex FIR filter as shown in FIG. 11. FIG. 13
“EREWE ThE Epectrum of a transmission IF signal when the Low-IF

multibang ORRM LB myltiband;tiansnitier .aceqrding o the present.. g

invention corrects the transmission - 23 IF signal's frequency and

O oVES freglibhlbyridldinge momiderents cEIG di4 ghowstibeaksigndlsment
oWhen the Ia%wglflmgltibgnd OFhDM UWB multibagd transmitter according
{0 the efibodment Lees & §roupa™d bahd a8 shdwn in FIG. 17. FIG. 15

showsradrequenaanthesieglacklor fponensy shepping @) psedfoh oy
the frequency configuration as shown in
hopping (FH) used for the frequency configuration as shown in
FIG. 14.

FIG. 16 shows spurious signals resulting from 528 MHz
harmonics in the frequency configuration 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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FIG. 14. FIG. 16 shows spurious signals resulting from 528 MHz
harmonics in the frequency configuration in FIG. 14. FIQ. 17 shows an
example of the frequency allocation defined in the multlbanq _
OFDM_UWB communication system. FIG. 18 shows a conflguratlon
exampl_e of the direct conversion receiver used f_or the multlban_d OFDM
system. FIG. 19 diagramatically shows self-mixing of a local s_|g_nal. FIG.
20 diagramatically shows a DC offset resulting from. the self-r_mxmg. FIG.
21 show; a configuration example of a first-order hlgh-pass fl!ter. FIG. 22
diagramafically showWs I8 Rbhvergencehmiie fomane DG bfsei steprixer
sespense,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 frediiéncy? Synthesis blopkn(gratp-dod-bagpaaedeh farfleguancyr the

1{10‘9 i FHe) .used for the direct conversion receiver as shown in FIQ. :
3. - §4 rl—%é. J2‘31@dviélgramatically shows image rejection mixer operations.

FIG. 25 shows a general configuration example of the Low-IF receiver.

Best Mode for Carrying Out the Invention [0061]
Best Mode for Carrying Out the Invention

[0061]

Embodiments of the present invention 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. 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
receiver. The Low-IF receiver in FIG. 25 converts a receptiaon
signal into an intermediate frequency (IF) using first complex
local signal frequencies cos (2f.,t) and sin{(2f,t) different
fronzthe,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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Embodiments of the present invention 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. Il, vol. 45, pp. 269-282,
Mar. 1998)" written by J. Crols and M. Steyaert. [0063] FIG. 25 shows the
sge%%rfll con(fjguration of the Low-IF receiver. The Low-IF receiver in FIG.
§tonverd % reteplibh® sigial itoHPidrmiediateregaehey @ Lsing -
(first epmplex local signal frequencies cos(2f,p,t) and sin(2fw,t) different
from the reception frequency. During the frequency conversion, an
intend&d $igrhal waean indye Signal Brebethesidesmidecal drrgueneyptOin
Sgogggilr ior}lghee lFritTh%Qilbert band pass filter (BPF) is used as an IF filter
{gremove image sighafs. The TeBBRRT Yhen Bfiplifdemesit Sighaking of

thDonvers §nperfosms. 8 digitabarecess to.canyert the fieq eé‘%éyrséré%d
the local 25 signal, and converts the IF signal into a baseband signal.
bf’(‘f@’@%ﬁlq ntthis fiapmier heekowriE system Coovers the reception signal no
BLERADY BEolRder t cathl oy ok DobatRehEmequBnSeset
imre apartfion eachotheendifgesAQnas . Further, the Low-IF system
may easily generate local signals because the local signal
frequgncy differs from the reception frequency. This will be
discussed in more detail later.
[6065]

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
frequencysignalunchangedly,ji:isnecessarytx:Achonvertthe
BC 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 system.

{0068}

In this context, Low-IF {low-intermediate frequency)
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intended signal is found near the DC, the DC offset does not interfere
with the intended signal. Further, the Low-IF system may easily 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
s prebffset ahitheimage freduendyrsighabds wiell ds theimdented Rignal.
N }in%lcéalsg, ggmaolk? an IE sigglegl 1%nanlges, it necessar to [ncrease the

ample clock rate o a?%e AD converter - [0067] The predeht favehtidh®" ¥

hephiasthese prabems ehthe kow-fvrecpivanand appropriately APRIgS v
the Low-IF system to the multiband OFDM system. [0068] In this context,
Ererae g intdrmbibattadgdenayy el 60 §idhifeand useetaddwii.e.,

nhépiermediate frequency (IF) equivalent to a half of the ba_nd interval in the
f?)gquﬁ;%cy &(F?\(g%pin;.nThe multiband OFDM UWB system in FIG. 17 uses

[Ah€IF frequency of 264 MHz that is a half of the band interval (i.e.,
hOppE%%He%yimagé the configuration of a Low-IF multiband
OFDM_UWB transmitting and receiving apparatus according to an
embodiment of the present invention. In FIG. 1, the top half
is equivalent to the receiver. The bottom half is equivalent
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-sab~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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[0069] FIG. 1 shows the configuration of a Low-IF multiband OFDM_UWB
transmitting and receiving apparatus according to an embodiment of the
present invention. In FIG. 1, the top half is equivalent to the receiver. The
bottom half is equivalent 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,p, is 264 MHz higher Fhan
bindBHersqtie Ay b the Feesstion Signal airrthatthed Fs frequencyiige

:284 MHz, The_ product of the multiband WB system's sub-carrier

D ey T3 T R boting! P sHb (128 oo R e

Léccdidingly i therbasehanehkandvidihyie 264 MiHz 2[00 72].TeRrevertthe o
frequency folding (or AD converter aliasing), the sampling frequency for

S W5 TonGERIBAMEE dS1BIE 277 BB doublle HHE sitghal irédaenty. Hhe diréere
= EQRYEEORECelver PIOYides e sapallng Heguangy ofpf MHZ.BY, o

. contrast, the Low-IF receiver using the IF frequency of - oMz provi
pthélsignal frequehcy rahge framb-b28, Mitzeto-0ubdid zrenckthesefosems a/D

conversion using half the sampling frequency, i.e., 528 MHz
{band interval of center frequencies for the frequency hopping

and positively uses the frequency folding.

[00673]

FIG. 3(a} shows the sampling frequency and how the
frequency folding occurs. FIG. 3(b) shows the relatiohship
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 freguency folding changes the sub-carrier
sequence but all the necessary signals are AD-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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requires the sampling frequency of 1056 MHz. This is a first problem. To
solve this problem, the embodiment performs A/D conversion using half
the sampling frequency, i.e., 528 MHz (band interval of center
frequencies for the frequency hopping and positively uses the frequency
folding. [0073] FIG. 3(a) shows the sampling frequency 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(e)shQws the relationship between the OFDM signal and the sampling
frequency afterf wcgr?k\?eg%%%l.Ytegaﬁsb%“ﬁﬁ&e%ﬂo?ﬁ;fr&ﬁ FIG. 8lexthat tes

after AlBecoiversian:ofthe; QF i > frequency folding changes
the sub-carrier sequenga@gut gl% %Aﬁe%l Fg\gc@éﬁsggré%%ﬁélg ré AD-cohVert8ga?
[56%‘]3%he OFDM modulation system performs FFT to transform the time
sighalgnto the frequency domain for reception. The sub-carriers can be
easily sorted after FFT. Since the FFT originally performs a sort

operatidiy i spetiad processis dieedrd (0. 5e8:AGY! Takeshiand .
JIMA Masayuki. "Using EFT." SANPO PUBLICATIO ‘ B

NAK

RCSEPURATE A 68 Ppc 765 Shitingemobchatidrsisequivale Matfd orpM
o Hom 1 38, ooncantBHALoWAFTeLEeh B Qg G FEn 28525 o
and wiirlinates;the neethior the: eaueRsyIcABNeLIQN y5ing a;second .
lsoecc%Lesnlgga!is designed on the i i i

_ premise that the correlation is
detected in the time domain without performing the FFT. In
other words, differently from the frame data portion, the
bPreamble 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 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.

[0076]

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(-3264 MHz) is a cosine wave component of IF frequency
exp(-3j264 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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[0075] So far, the Low-IF receiver according to the embodiment has
demonstrated the successful demodulation of multiband OFDM signals.
On the other hand, the multiband OFDM system uses a preamble
sequence for packet synchronization. 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
F[If)'gﬁﬁccordlngly, it is impossible to detect the correlation between the
received preamble sequence and a known preamble sequence. To solve

this prabtem, &heledstOde@rE@m@Qé!ﬁéH?qu%%@pée getectlon methad
that uses a sequence resulting from previously multlplylng 'the oﬁglna

BrEaHHIE S SREPEHY the TR frequeneyitd ensareithes €ortalation Withd be

reception signal, [QQ76] Since t reamble is a real-number signal, the
original prearr?kl)qlegsqe%ugce |strlrg;éljﬁplléd By & Rspéifibnionrdl arganble

reEspiEmg fromesarpling cos{-264hHz);at 528 '\Alé'&ulé‘ﬁ‘géelﬁ%%%g to be

@HZ ) is a cosine wave component of IF frequency exp(-j264 M
DRSehTRHRS e SyHchFoRZatbR i bbiaiact dmpensuring the eqrraladtlom
pebwyegn a reception signal and the sequence resulting from multiplying a
repetition of +1 and -1 by the preamble sequence intended to be

detectethe 28O0 7hENG 14 shawsebe relationship beiwesn an.onginal, .
bandpass filter that is unneeded for the direct conversion
system (see above). The reason is to remove image components
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, PR.
83-103, University of Nijmengen, 1977).

[0079]

FIG. 5 is a circuit diagram showing a prototype LPF. FIG.

6 is a circuit diagram showing a Hilbert BPF. A critical problem
'is control over the center frequency. 1In FIG. 6, each of five
gyrators connects the same two real filters with each other.
The following equation shows values of transconductance GpCn
corresponding to the gyrators.

{0080]

[Equation 2]

SN 8 cecsmem 2o es es se s o
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preamble sequence and a preamble sequence intended to be detected.
In FIG. 4, pattern 1 is the original preamble sequence. Pattern 1(-264
MHz) is the sequence intended to be detected resulting from multiplying a
repetition of +1 and -1. [0078] The Low-IF multiband OFDM receiver
requires a Hilbert bandpass filter that is unneeded for the direct
conversion system (see above) . The reason is to remove image
components caused by the frequency conversion from the reception
signal. There is a known method of using a gyrator to connect the same

(R4S tal 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. %go%riﬁ%rsl. "Phe Gyrator ﬁsql a hﬁﬁgﬁoﬁt%?ctéﬁcﬁﬁ?ﬁﬁé‘&%nfﬁc s the
h&ystemstHhbBnthesis fppi s83-A83p khnvergity of Mijmendemekd7 Hatue ;

[0079] FIG. 5 is a circuit diagram showing a prototype LPF. FIG. 6is a
GrirtBit'di8g A TSHRAY & PRBErtBP e Acrtitak probleands Gahtrdlsovate

¢ INs. SeRIRLfreqyency. In FlG, 6, each of five, gyrators connects the same
two real filters with each other. The foﬂowmg equa ior §hoWs values of
t pramsconductaanve=Gra@m ogarrespordingta Heetyators « 080 dEquation
e U A
D among My, e, and Ref, is
selected so as to provide an integer ratio between G,C, and G/
an integer ratio can be provided between the transistor size
and the current. This makes it possible to easily fabricate
the Hilbert BPF as an integrated circuit and simultaneously
control the center frequency and the band. Since the embodiment
. provides the same absolute value for my and e, the prototype
filter is designed so that Ref, becomes a simple integer ratic.
[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]

TheJnultibandJDFDM_UWB system has £64 sub~carriers, 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 MHEz. 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

- 31 -



half of the band; Ref" is the prototype LPF's element value; G. is the trans
conductance to determine wc; and GmChn is the transconductance to
determine coo. Generally, the trans conductance is proportional to the
transistor size and the current. When the relationship among coo, wc, and
Ref" is selected so as to provide an integer ratio between GmCn and Gm,
an integer ratio can be provided between the transistor size and the
current. This makes it possible to easily fabricate the Hilbert BPF as an
integrated circuit and simultaneously control the center frequency and the

L DARGLBIES Bt SMBYdIRERR pRSVBES e SafTe HbssIRY vatuRTsrids et/
£ ARG, %B@WP%@&%F designed,sq that R %*r%%%%m S S'gﬁeglﬁﬂz.
|

integer ratio. [0082] FIG. 7 Sshows a frequency response of the
ABPRARigcdotding tohthesembodimpnt Whensecutefffreguencysisaligned to
the center frequency, the center frequency and the band can be

DR BE SimultARESESNP fI083 1 Fhé mBRiBEAR SFBM VWS §ysteht has

rﬁ%ﬁ%ﬁéH’ceB?ﬁ E&€mi %Zﬁcf%Q‘&@E‘Qﬁ%@_éﬁ%@&s@éhﬁ%et ghgp%l{bdgﬁl 52 ly
up to the 56th are used for data transmission. Important baseban

- 1Addquehdies apERID Eyhiseb Mide x Ghop 234 Mitz Binge thenbsrequesqy,

[dﬁgg?ﬁgured to be -264 MHz (see above) , the range of -264 231 MHz(=
- MHz to -33 MHZz) is an important signal band for the IF frequency.

Wherracapaciabissseiiallyodt i psereddn an0utout from the mixerso
as to remove a DC offset,
OFDM_UWB multiband transmitter according to an embodiment of
the present invention.
[0085]

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
cenversion. The complex multiplication is performed for the
signal and IF freqguency 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 O 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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the HPF cutoff frequency can be set to approximately 33 MHz. At this
time, the step response time is approximately 30 nanoseconds.
Accordingly, it is possible to satisfy the requirement of limiting the step
response time to approximately 1/10 of the OFDM symbol time
(approximately 30 nanoseconds) [0084] FIG. 8 shows the configuration of
a Low-IF multiband OFDM_UWB multiband transmitter according to an
embodiment of the present invention. [0085] The Low-IF configuration
necessitates generation of an OFDM modulated IF signal. As shown in
[FIG78, 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 fréquéndy Skp(J264 MEZ) BEFE the 5A EBhberdi6n Hithighen no
charnar; the i&WaIEeCQBle&HBEE?@q%@h% %@%B@HQQ'Q@?PJ@%’C@Q§@JQE@

multiband OFDM system using a direct conversion transmitter performs
Léie DArgohiveksion 8 DESEWAsps b Bamilyl elimisatetthefrediiency fatdingn

b B%/ Eﬁntrsafltl, th&lég\évél Fe configur%tiontnecessitates the DA copversion at
D172 MSpe DECAUSE e P rbGUehey BahB Fary SCRSAT 98 AR Brre

e Midz+ To sehwthis prehlemthe-embogiment periosmsthe DAv s muz and

conversion at 1056 Msps equal to that for the direct conversion
0 fBdsirittep to Eomipensdie she freqdénoy re$pepsedegradaiiond-82.  The

frequency folding causes relatively large amplitude components
in the bands between -1584 MHz and -1056 MHz and between 528
MHz and 1056 MHz.
{60881

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 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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7] FIG. 9 shows a transmission IF signal spectrum_whgn no
[c%or?egtion is made to the frequency response degradation in the Low-IF
multiband OFDM_UWB multiband transmitter. The spectrum ha§ the sine
characteristic due to the DA converter's aperture effect.. Accordingly, the
frequency band between -528 MHz and 0 MHz is not flat but has a |
gradient of approximately 4 dB. The frequency folding causes relaélvizg56
large amplitude components in the bands between -1584 MHz and -

: en528. MHz and 1056 MHz. [0088] A sub-carrier power
Il\eﬂ\l/ilézlrii}%gg%g}[o? 'ién %fg?gzich%%%rést fe AMBTitIAE oY et uls Calrid B

previotishntd theali=HT n: dhis-mannet.dhedrequency respopse can be
easily corrected so _as to flatten the gradient of approximately 4 dB.
fr?cﬁ%%?tcsor%ﬁioqfﬁf&ﬁ‘é&%ﬁ?cﬁ‘éngé%@ddlﬂefmt@qp@lath @23 removes

[ ' [ form the
[ t I R filter. This method can per ‘
iﬁgggfﬁ%% a@r(f(aji ?hge re%£%8?$3§66n3§ %oﬁ%éﬁorf Sethe Ifamé:flmfél.he DA
[0089% Reeshicvabe FtGrd O the «2 imger@@@;ogg gg@p@@gqt@fe F}_I?L e{lq (%.cy
These filterg are changed to complex FIR filters as show_n in FIG. 11. .
12 ROWS COmMpIER éﬁ%é’oefﬁeiéﬁtés ORI Somipldba EI RAHtBrs nfBPIRlA L rum
third-sedes-iaert BPF can be used to remove frequency folding

components. FIG. 13 shows the spectrum of a
[0091]

FIG. 14 shows local signals when the Low-IF multiband
OFDM_UWB multiband transmitter according 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 MHgz
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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- 33 transmission IF signal when the Low-IF multiband OFDM UWB
multiband transmitter according to the present invention corrects the
transmission IF signal's frequency and removes frequency folding
components. As seen from FIG. 13, the DA converter's aperture effect is
used to correct the frequency response before IFFT. In this manner, a flat
frequency spectrum can be obtained. [0091) FIG. 14 shows local signals
when the Low-IF multiband OFDM_UWB multiband transmitter according
to the eppbodi uses a.groupe-1 band as shown in FIG. 17. As shown
in FIG. 14, Io%én%ﬁ?ffg%g% higher than the center frequency of
46l band. FIG. 15 shows a frequency synthesis block for frequency
hopping (FH) used for this frequency configuration. As shown in FIG. 15,
the frequEHcy ByfiReGE sisse EaRdivide dheartletdree freseehcinvent i on
pbtained 4 in ilator (e.g.,. TCXO (temperature compensated
crystal os%agtrgtr:)%) a%lg %@%tk?ehsei[zc(els 5d sméf)géglt?§&s) frequihicied Béing
@imixierc Aby wil berunderstbod-by corapansey with H16. 23, the freguengy .
S Qgh%ssis block in FIG. 15 decreases the number of dividers and SSB
mixers and ealiy §EnErHL a5 carfetteteids: 10002] FiG. B6 Bhdwsin the

SRUGIOUSS gNalsiesMting, from b2 MHz harmonics in this case. As seen
from FIG. 16, no spuriousgignal ((s)accursmir%%?oﬁﬁi?%\%c%?ginsg?ﬁﬁﬁeoﬁﬁhe

Refdpessifiierdaiobe ugttito £asily lemoye SVFoUSWigRalon has been
m onegts. C .
tsclosed as exemplification. The contents of this
specification should not be interpreted restrictively. The
appended claims should be taken into consideration for

-evaluation of the gist of the present invention.
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- 34 Industrial Applicability [0093] There has been described in detail the
present invention with reference to the specific embodiment. It is to be
distinctly understood by those skilled in the art that various changes and
modifications and substitutions may be made in the embodiment without
departing from the spirit and scope of the present invention. That is, the
present invention has been disclosed as exemplification. The contents of
this specification should not be interpreted restrictively. The appended
claims should be taken into consideration for evaluation of the gist of the
preseft fifhtion. - 35 Claims 1. 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, said

1 apparatisi comprising HLEUeNCYGonMersionyReans fekeonverting a
high-frequency reception signal into a low-intermediate frequency signal;

L ADHvERSIShTheahs F6H eBAVethg Bcpinhtrftidlea he g s dignal
edptaaglioly slopahusipoAspeelied sanplijg lieguency aod OFBM, .|

demodulation means for converting an AD-C nverted OFD signal'on a
sdiime aps ito wssubcatrierialgng a frequency

frequency conversion means for converting a
high-frequency reception 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
OFDM signal cn a time axis into a sub-carrier along a freguency
axis so as to perform fast spectrum analysis,

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

sampling freguency 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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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,

TGhereinh Bhid Hetiendy dbrivet§i6A maiA8 MixES 536 ridleeption signal

1with 3, lacal signal to PEDEIAIS . lpvg-ir&tggqlgdiate frequency signal. 4. The
radio communication apparatus according to claim 1, wherein said

frequency conversion means mixes a reception signal with a local signal
4hav'g1}9 a local frequency  apart from a reception frequency by half of a

band ntervarfor BGUEHG A o pHingRB éretate a98Rahtsniciataim 1,
frequancy: signal campaseshate jowdntarmediate, freguency, half said

band interval. 5. The radio communication apparatus according to claim
rgCapfiéinAbreohvertioreniears sampled dnatdggignalsasing raquency
asag}pl%%rf[{%qgggg ;t:Wice as hé?g as said low-intermediate f,requenc% 6.

%he radio communteation APSSTATIS Ao t8 TiairrEd wiseRY A for
£ COQMEFRIQN BPRA% §aEIQR ABRINLSIGNAIRMSINGe rredi ate freguency

signal composed of a low-intermediate frequency half said band

interval.

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

fregquency.

6. The radio communication apparatus according to claim I,
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 intermediate frequency filter to remove unnecessary
waves in an low-intermediate frequency signal

frequency-converted by said frequency conversion means.
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a sampling frequency equivalent to a band interval for frequency hopping.
7. The radio communication apparatus according to claim 1, further
comprising: an intermediate frequency filter to remove unnecessary

waves in an low-intermediate frequency signal frequency-converted by
said frequency conversion means. - 37 B. The radio communication
apparatus according to claim 7, wherein said intermediate frequency filter
comprises a Hilbert bandpass filter formed by using a gyrator to connect
fthe shhfe twwd tealdilters witieacn othgra@aThe radiecemmynieation im 7,

appara&%se%gc%rdinqéo claim 8, wherein the same absolute value is used
for a design  freqtiency of aIAtEE-fhR 1bhepRSE fikef ad teredi FiRBE ARdS 2

Hon Beentekiraguency of said IHibat hangnass fi %aagxa{ké@:te erratiols
used for an element value of a ladder-type prototype filter. 10. The radio

AmARiRfcation asgdrafds beecording:to eairh Sotiwherein the beginning of
a reception frame includes a preamble composed of a known sequence;

and wherein there is further provided preamble detection means for

SdeteCting AqaEaNYIRND 2 ELEPHAN SIGNALUSING 33894aNeP Bsuling 1, ¢,
from multiplying said known preamble sequence and said
low-intBhRE8 e Frsyuerts ohethbnte3gaAbstract used for a design

frequency of a ladder-type low-pass filter as a real filter and
for a center frequency of said Hilbert bandpass filer and an
integer ratio is used for an element value of a ladder-type

prototype filter.

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.
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A multiband OFDM_OWRB transmitting and receiving apparatus is
provided in Low-IF configuration to solve problems attributed to a
direct-conversion transmitting and receiving apparatus. A Low-IF receiver
performs sorting by rotating a sub-carrier after FFT to eliminate the need
for frequency conversion using a second local signal and uses the same
AD conversion clock as that for a*®fifeé2€bnversion receiver. An FFT-free
preamble can be detected by using a sequence resulting from previously

multiplying,an gginabpreAmRle RAMEIN;and ap IF freauency: ogether.

apparatus is provided in Low-IF cenfiguration to solve
probiems attributed to a direct-conversion transmitting
and receiving apparatus. A Low-IF receiver performs
'sorting by rotating a sub-carrier after FFT to eliminate
the need for frequency conversion using a second local
signal and uses the same AD conversion clock as that for a
direct conversion receiver. An FFT-free preamble can be
detected by using a seguence resulting from previously
multiplying an original preamble pattern and an IF

fregquency together.
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