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 tg@ fadio reumynication 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 communlcatlonm%%stem based on the Low-Intermediate

Frequency (Low-IF)ahtetiiEY B A BN A RERRATIAT 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 asteftieeicpialiliglidpossible to relatively easily move
nlcation terminals such as personal computers (PCs). In recent
years here is - | an increasing demand for wireless LAN systems in

accordamee priB dheir increeedProcessing sReedsand sedusal RIICEs s on
apparatus for txansmittingrand 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 séaces' 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

awmmsI-L%Oﬁem%aa@emsmﬁngfOLrHﬁng%%%mﬁch%ordeince

increased while the integration and energy saving are improved for LS
véthndlbgies. Radieasetwarks aes sised veprthwigdesant ateibeint) prices.
1.$(t)%ndardized. F?riies of radio LAN apparatuses have been reduced

approkinTatehy a8 1o%r ad REFPIIS IERbItdrals. BHES QL8 ofrbafo REtHSKE
ie0f linyted ke conventional camputer Netwerksbutisdiversely dntended,

for connection with peripherals in an office, transmission of high-quality
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nd the like l[‘(l)OO)?l;:l' pical standards concerning radio networks include
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2 or 3), IEEE802.15.3, and Bluetooth communication. The IEEE802.11

S¥EFRIAFd Ys fnghéretassified HatedvasoetradioZcom@iimieatoh $jisteimsnds
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{00041

The radio network performance is dramatically increased
while the integrafion and energy saving are improved for LSI
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 Electrical and Electronics Engineers) 802.11
(e.g., see non~patent document 1), HiperLAN/2 (e.g., see
non-patent document 2 or 3), IEEE802.15.3, and Bluetooth
communication. The IEEE802.11 standard is further classified

into various radio communication systems such as IEEE802.11la,



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 communication by
using ultra-short pulse shorter than one nanosecond to carry information

YeEOLE 3ising, carriers jn 2 i/f%wc&%e frequency, ba”dapre%%%tf('gxizf%ation

example, IEEES02.15.3 is under examination o?tﬁeasil(s)tem r

srarismittirghpatketstructuregdrdaiacoriaininggereambles as an access
contro] system for the ultra-wideband communication. [0007] In the future,

WQ’%‘N (Wireless Personal Access Network) such as UWB for short-range
commHicalon f5Syhsed L be; Icolparalad o All Norg applignces

and CE (Consumer” Electronics) devices. It Is expected 1o realize
‘tratsmisgiciebetwielVEE devicesordame metwarks gt speeds-avein 100

' Cl\élnt\)lgs. When, millimeter wave bands are widely used, it is possible to
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including storage devices and the like. [0008] When radio networ
nggnstadcied ghdereeniorking 3he 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, IEEEB02.15.3
is under examination of the system for transmitting
packet-structured data containing preambles as an access
control system for the ultra-wideband communication.

[0007]

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

[0008]

When radio networks are constructed under a working



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
ormtmieato i gdRit VI REn EndtRéF systers intetfuptemices in a room,
RRRIBTUCARN O the, RyRbel Gl Raricipaing. staflons \ncrepses g leave. »
no allowance in the band. In such case, itIs possﬁj)fe {d’sefect &
‘Tomnaghicatiotnehannel ito statieoprsaiies Hasimaiaaeiwods vpeiedionse s
and realize coexistence with the other networks. [0010] For example, the

G- BRRARE T SRR ATt PEYARRS i Bfs - GBEHTH-FREARM-SFeéd radio
RAN-sustem- i cugpliance Wil JEEERD?.15 3. Thatis, fhere are provided

lr%ultiple frequen%%achannels available fo%ﬁjﬁ%%?/;gte%g %\g%gr'ding to the
&geAthm - used, a radio communication device, when turned on, scans for
all avajlable channels. The radio communication device becomes a
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device selects a frequency channel to be used. [0011] Constructing a
chadioagworkin anvemtiereschenay 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.
[0010}

For example, the multi-channel communication system is
also used in the high-speed radio PAN system in compliance with
LIEEEB02.15.3. 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



- 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. [00121 Major countermeasures against
the delay distortion may include the multi-carrier transmission system.

hhee fagugt@a@iﬁrﬂmﬁc@ﬁéi%a@ewg%%%%% ransmissio ”agfga Ly

distributing it to multiple carriers having different ﬁga:ﬁenmes. ach carrier
45 provided weitlhuadn anedw iyeingl, rendiking: diffistlt de beysubjasttoseffeatse

of the frequency selective fading. [00131 For example, the OFDM
“Zb{rt‘h"ogp %—B ﬁ‘g’&héﬁw%sﬁf’?ﬁaﬁﬁ%ﬁn@%ﬁeﬁ%}%‘ﬁ@ﬁ%ﬂa|ti£@afrrier

fingeissio syt coaliawgs abeaueney of eagheatiataaihaling,
carriers become orthogonal to each other in a symbol region. During
Brtdrhtatiorn rahsheissiopniRe systcar fonverte sesially tsansatitette delay
ci’gchr(r)nr tif)oql into parallel information at a symbol frequency lower than the
information fransmission rate. The system allocates a plurality of pieces
[ofoautput data to each carrier, modulates the amplitude and the phase for
each carrier, and performs the inverse FFT for the carriers. In this
mannéfeitie systahecorvertste egrierstntohsigdalaglonithetimen 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 fregquency
selective fading.

| [0013]

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
trénsmitted 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 crthogonality 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
erginally-transmittegin.the, serial.signals. [0014] The OFDM modulation
system is adopted as a Wireles% LJAN sfacn%%?d:ﬁ]ﬁt el Erl':eéjg(ff.ﬁa?d:f{‘%lr? of
ekaniplenthe dEEEB02.16:3 standardization igalsed pragressdentha -«

EE{WBa osmaTunicE%iion system using the OFDM modulation system in
addition t6 the I0SUESyEdm SREAHE RFsURERDIVE Sy ERFAVEREY axis

D5 UWB sYstaBs ingleasessread speeds,of DR dnformation 3%8%5?& P

the utmost limit. The impulse-UWB system uses impulse sign
SkgerAkesahaling-verfishosyrequepeiescafme vesaldundredpigeseconds
381%9@@9&”9 [ formationcfi%nals for transmission and reception. With

respect 10 OF DM CRABESHintdHicdfd? P&t thdah iisarRr&FmmL 1y

W eoaTBYNiGRtioNSYeMI$ undgrdiscussion (e.g., see non-patent
document 5). The multiband OFDM UWB communication system is an

[BEBAM modulation system that performs frequency hopping (FH) for
freque{;ﬁg Q%b?:%a'&%ifg from 3.1 to 4.8 GHz into multiple_fre_quency
channels (sub-bands) each “CoMfbs¥ d538 WAL DATIRINAS ahesFsddN
stmbEEd withcgachefiegbeney band ¢epnased of128-R0iNtS: prgoo 15, 3
standardization is alsoc 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
increasesspreadspeedscﬁfﬁsinformationsignalstx: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. Withrespectto(ﬁ@M_UWBcommunicationsystems,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



[0015] FIG. 17 shows a frequency allocation defined in the 6 multiband
OFDM_OWB communication system. The frequencies are composed of
groups 1, 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 whose center
frequencies are 5016 MHz, 5544 MHz, and 6072 MHz, respectively.

Grodp Boisrcomimseoiof bangds:#1 cthroggh,#Q whose center frequencies
are 6600 MHz, 7128 MHz, and 7656 MHz,?ip%}gfivefseG%ﬁ Figcres are
oSN oPbarde D YarcugB#12. whose Tentereguencies-arg 8484 or

MidadB712 MHz 240 MHz, respectively. Group 5 is composed of
bands #13 and #T4 %I?o&%%%t%??f%%ﬁ55&%%?@9?6@%%%31%1 Mh2063960
Mz, respettivelyiitis mandatenwtoryse breg handsingroup 1., T
%%%eE%OUpS and bands are reserved ?jr the fut§re ex%}ngs%n(?sfo%f bands
T4 SH8ls' Bty Giemba e taepient thesreosivenasedie] 188 44 Mz,

mu&ib@mdzq&gl\’/l system Qg .. See ngn-patent document 6). The receiver
in FIG. 18 is configure%l for %i%r%g convergin’ The GirRestderdiohands #7

dyjzrengletdwman interaediatedienteasy {F) $666 MOV N8 m,  ang
%@?&flﬁ%gLNA amplifies a signal received at an antenna. A mixer ther{
ult

iplies the SigREFbY 9b&al fréeemcypto. directiypappiyl e hagaenayL o
comvagionio aeseband sional Tng sxample 1) g 1p ysee loeal L0
and 9240 Mz, 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 theﬁ
multiplies the signal by a local frequency to direc#ly apply
the frequency conversion to a baseband signal. The example in
FIG. 18 uses 1ocal (LO) signals cos (2nf.) and sin(2nf.) for
frequency conversion of reception signals corresponding to the
I and Q axes, respectively. After the frequency conversion,

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



frequency conversion of reception signals corresponding to the | and Q

axes, respectively. After the frequency conversion, a low-pass filter (LPF)
extracts low frequencies. A VGA 7 (Variable Gain Amplifier) amplifies the
signal. The AD conversion is performed. Further, the FFT is performed to

transform time-axis signals to frequency-axis signals. Each carrier is
demodulated to reproduce the information transmitted by the original

céwensighal. (aohhMeressing thagovpdband asshown In FS. 46
for example, the direct conversion receiver as shown it FiG. 18 requires
|GCA $ig17aI8Thaving threrfreguendies 8482 MHze 3960 Mz anth4483 o

NEzthat axe the same as the RF signal's center frequencies. [0018] The
direct conversioniy%}t{é“r% SiriatSs e TEBBISROIE MéF edggals. Each

Isrendéns the reseiven'sDond, epdipgheases flexibility, of the teceiver
%c;:ngi uration. However, the direct conversion system equalizes the

recapuon Heghdieyhith é dbeal irequerien Téisgead a known problem
thad 1 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. 198tows hivgthelocal-sigpal's SgHf miXinoaesHrs, T %E’?aﬁign%x
(Iaeal% fiom the receiver body to the antenna. This signal partially re lects
At he aRternifafldFefiingegversion receiver as shown in FIG. 18

requires local signals having three frequencies 3432 MHz, 3960
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
flexibility of the receiver configuration. However, the direct
conversion system equalizes the reception frequency with the
local frequency. There is a known problem that the local
. signal's self mixing (LO self mixing) causes a DC component,
i.e., a DC offset (e.g., see non-patent document 7).

[0019]

FIG. 19 shows how the local signal's self mixing occurs.
The local signal leaks from the receiver body to the antenna.
This signal partially reflects at the antenna and returns to
Fhe 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 &g;gl reflects at the antenna and returns to point

Ain FIG. 19to attenuaté: ﬂ%‘?ﬂn&é’ri‘lﬁ?s]condition, the DC offset for

mix&rzoutput is found to be 2.5 mV. Since the expected wave's signal
level is approximately -74 dBm at the minimum, the mixer output
becomes 244 §8m 191 4few rewnnpdan bee tindersieeaitatihe DCIRfSE a1

becgmes greatey than the expected wave's signal level. [0021] The
folloevving equg%?on%%ggri seﬁ%rggte%%etolﬁéﬁéﬁfeged%@@@ﬁ%. {hl{Re¢ and

eeatioixeospwi vepeesenis £he lgealnsignabang:d and 4 respedtivel
represent the amplitude and the phase of a reflected wave r?eteuarciﬁéa o]tﬁ’é: al
REP3h FRfdGGEToRE thdirapieenmef thelrigktsidesepeegentsthe BE rig.

qusq;OngtégggQ%a%thi terms represent double frequency
components. It will be uné{g’stog]actl é%f?l}élﬁccﬁfg&%ﬁ’és Wit tRE offset
Hethe creidkwravetstannplifiiderand phase, 00223 mV. Since the expected
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.
[0021]
The following equation describes a process to generate
‘the DC offset. In the equation, cos(ot) represents the local

_s:agnal and o and ¢ respectively represent the amplitude and the

phase of a reflected wave returned to the mixer. In the equation,
the first term of the right side represents the DC offset. The
second and third terms represent double frequency components.
It will be understood that the DC offset varies with the
reflected wave's amplitude and phase.

106223
[Equation 1]
- - - - 1 3
a -cos{w t+g¢) cos(w-t)mE-a-(cos(¢)+cos(¢)-cos(Z«m-t)~sin(¢)-sin(2-a)-t))

[0023]

Since the multiband OFDM system performs the frequency



[Equation 1] acosta-t+0O)cos(a
t)=2a(cos(0)+cos(0)-cos(2-co-t)-sin((b)sin(2tot)) .[0023] Since the
multiband OFDM system performs the frequency 9 hopping (FH), the
local signal frequency varies with each frequency hopping. Since the
antenna'’s reflection coefficient depends on frequencies, the DC offset
resulting from self-mixing varies with the frequency hopping. The

ff@%ﬁ_ in cyr frequently as 3.2 MHz equal to the QFDM
symbo?%teimﬁg's%ogv%n#r? (I::g% Szg?ﬂwaé{ DC BHSETSiEpWide G5ridd B hach

ffaquereycof 193 R2iMiz = 3125 manaseeonds: J0024) Ganasallyother DG ot
%és%tnia removed by serially inserting a capacitor in the mixer output. In
{his €ase, AhddfT e BRtSircli fmpedakés Recamanldtianfirstorder

Bighrpassfilier «EPf)s The: fuigff frequency for frequency response
becomes 1/ (27[CR) . The convergencgut?mglfo{‘g%f)l?e%bori%bg"é%ﬁ?eeémy
bemrnyoosysnee theemuititrand QFDIY Mysierguses e SUR eI I8 mb o
I_rgggenc of 4.125 MHz, the direct conversion receiver is requested to

pass up {6 4 TRMHE Wi redPect ietRE Defbfisst, stherstireryenies at
time forsjapsespeIse pgeds g belimifed o approximately 1/10 of the
OFDM symbol rate (approximately 30 nanosecongée) . en the cutoff
fr‘é‘%ﬁfbhcy is set to 4.125 MHz, the time to converge the step response
becom&s as Iaﬂe as %42 nanoseconds (= 1/4.125 MHz) as shown in FIG.
29 The %?gtﬁ%m Y. the DC offset is removed by serially inserting
a4 capacitor in the mixer output. In this case, capacitor C and
circuit impedance R construct a first-order high-pass filter
(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 con%rersion 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.
[0026]

Generally, available means of changing frequencies is to

miltiply 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
\f{ide(?and A higg-rprecision multiband generator can be constructed by

providing %ﬁﬂi% & beciiaforg Afdgendratiid e8rekpbnblty Fadtéhard
D@D@WEV@\M@WQQSW@% RQ @%%&8 ”&?E‘EQQ&HS&%" glf?ep l@t@?ﬁne 1

dimension and power consumption, a frequency phase difference for

ERERIGSHIRAGHSaplate like. §0G27] To sBlve thisipieblenT, mattibencd-hange

ge tion.is performed by repeatedly dividing the single frequency

ou?p%{%?}ocrﬁet ewﬁgiéﬁ%tngzﬁ flh(?ﬁr%aaﬁlide% Bﬁ%?ﬁfﬁﬁfe?fc‘?é‘s?ﬁif}mand

Qgﬂﬂﬁﬁmgﬁéﬁﬁﬁﬁf@dﬂg%%ﬂEEQ%%ﬂKﬁ%b@@gﬂﬁgpﬁﬁatlggégLEg§1§§tqrs

diagramatically shows a conventional example of the frequency synthesis
' '?ﬂéﬁ@%{%ti%g’bﬁ%%éﬁé)lfﬁrﬂﬁeﬁtmmpiﬂgc(FH) bsedferthehere

II, version receiver _as shqwn in FIG. 18 of the multiband OFDM
%ffé%‘%%&‘é%ﬁ%&“vﬁ in TG D5 the tifvidht FRd the mibdd Tt hBEIRRAD 2d

woie(adeors Subtrach [regueneioss the Centes dreguency i eachhand with
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).
[0028}

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

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

output from the oscillator according to PLL (Phase Lock Loop).
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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

Tfﬁ%qge@g%grii 5e2 3:MHz that is used for a sample clock. The 528 MHz
sample clock is Tarther divided By 2 5 extiadt treEGa&SIcY It 564 MERCY

dhat i a bard interval of centerfteauensies,for,frequency, hopping. [0030)
Each mixer marked with SSB (Single Side Band) performs mixing, i.e.]
EFaiigordatrdcting feqglenciessefibeolbtaned sihalssas menticneople
.+ Lhe mixer adds frequepcies of 528 MHz and 264 MHz to yield the
C%%%\lﬂgeerl;(%y%%’% MBIz .V,&%ge%iecgtﬁrzs(ge T deishist o84 MBI WY Rz 54

Mihetsulisequeni-588 fa8 peovide facombinationsafdtegueneias b ney
performing addition or subtraction between the selected output frequency

hSBRIE2 or 794 MHz and the original 4224 MHz frequency signal. [0031]
Id 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 422hMHz e genckale 3422 Mids (9264 MHadreQuencYds rforms
subtracted from 4224 MHz to generate
mixing, l.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 subsequent SSB can
provide four éombinations of frequencies by performing
~addition or subtraction between the selected output freguency
264 MHz or 794 MHz and the original 4224 MHz frequency signal.
[0031)

It should be noted that group 1 uses only three
frequencies 3432 MHz, 3960 MHz, and 4488 MHz. That is, the 782
MHz frequency is subtracted from 4224 MHz to generate 3422 MHz.
The 264 MBz 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,

egch of frequency signals f, and f. is provided with orthogonal
%orﬁBB\?&ﬁ%. FraBadncIie cEnHE S RtRES & By siiad SrsGBr&etidier -

Areienciess usingdhe, addlin, Neoreof fag dognametlc Bnglian.4n ;.
FIG. 24, frequency signal f, is set to 4224 MHz ‘and frequency signal f; is

RePYd 264 MiHZhorTS4Midua l0033 ktovweenss,. theFeennentionss freguiehey
%cli)as shown in FIG. 24 is subject to the following problems.

hesis bl
S[Sgg ﬁeﬁg';zﬁnceifw% BomPlers WrE et B 9 tHer GRUSR Citfigifdtish ihe
womplictedranskthe pewealcansumplion.is.large,,[0030](2) Sipce-the 264

MHz frequency signal is a rectangular wave, third harmonics cause a

- IgRfRRsgRAbbRApprodénTERElyt @pld24 OMIBC imgréupduéd@36Eignal f.
is set to 264 MHz or 794 MHz.

[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
iarge.

[0035]

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

{0036]

Specifically, the preceding S$SB 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 cutputs 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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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 dBc in

%olég 1;1[QO§9§%[Qon-(g$tent ocument 1] International Standard ISO/IEC
02-11: 1999(E) "ANSITEEE Std 802.11, 1999 Edition, Part 11: Wireless
LA sMledium Access Control (MAC) and Physical Layer (PHY)
Specifications [Non-patent document 2] ETSI Standard ETSI TS 101

761-1 VISP T B 98bafde wasiot Attess Networks (BRAN): HIPERLAN

Type .Ziptaéglk_é@&ggﬁroé égkggf%aé%rgffé%(ﬁg;lc Data Transport

Functions [Non-patent documen 8151121 HBhdband

ARadicTacressietoarks1 (BRANY; EHRERLAN pype 2 Datgilinkess 1an
Control(DLC) Layer; Part2: Radio Link Control(RLC) sublayer [Non-patent

NS ACAP R AT S W deHand2CA rawbdih YevslaodanewiréRiss)
siechpplagy, s Nikkei Electronics, 11 March 2002, pp. 55-66.

[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; Part2:

Radio.Link Control (RLC) sublayer

{Non-patent document 4]

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

[Non-patent document 5]

IEEE8B02.15.3a TI Document
<URL:http://grouper.ieee,org/groups/802/15/pub/2003/May03
filename: 03142r2P802~15 TI-CFP-Document.doc>

{Nonwpatent docunent 6]

Anuj Batra,

: "03267r1?802wlSWTGSa-Multi~band—OFDM~CFP—Presentafion.ppt,“
pp. 17, July 2003.

‘[Non-patent document 7]
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[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,

"0326ZELRB0Z- 15, TG 3a-Multihand-QRFDM-CGIrPRresentationsppl.vepR. for
17, July 2003. [Non-patent document 7] - 14 Asad A. Abidi,
Dipikeet- CorversiomR a6 TransEsivers for DigitaRtonmmtficationsol- 30,
n%EEl!:'z‘]' Soéid-%@gegggrgqiés, vaT.%O, no. 12, pp. 1399-1410, 1995
iscloSuré of the Tnvention’ Probiém to be Solved by the invention [0039]
Embodiments of the present invention provide an excellent radio
communication apparatus capable of appropriately transmitting and
PassirRpHfIffard® FDVERfGfls for hopping center frequencies at a

ecTBASAL e Mo Rt (0401 Dsciose
lavg-irtermediate frequency to receive a multiband OFDM signal for
hopping a center frequency at a specified band interval. The apparatus
Compngggodiments of the present invention provide an
excellent radic communication apparatus capable of
appropriately transmitting and receiving multiband OFDM
signals for hopping center freguencies at a specified band
interval.

Means for Solving the Prcbhlem
(00407

Dizsclosed herein is a radio communication apparatus
which uses a low-intermediate frequency to receive a multiband
OFDM signal for hopping a center frequency at a specified band
interval. The apparatus comprises:

frequency conversion means for converting a high-
freguency reception signal into a low~intermediate
frequency signadl;

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

OFDM demodulation means for converting an AD-converted



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

OB iRt Qratgbderie e frelileh ey Toldimg cadsedadoagsaniphngency
frequency during AR conversion after performing the .conversion so as to

aperform fast spggt%lfrﬁoarr%h%g%ﬁ?% fast F%Iﬁgrrle?( fransform (FFT),
waveletizanstoronand-barteydiansforahcar Hesused-as thescom@Esion ¢
%%as to perform fast spectrum analysis for OFDM signals. [0041] _

SBBnvRRGbAfy SRRt LBRVERIH .yetaRTYs fedd 169 someenrkriias

SERGSINeS, %@?&QR&FG&&%}&?% f%HQBQ‘s”QOf?eQE%rJ%es%%e 2SS AR e
specified band interval. HoweVer, the direct conversion stem equaqlzes
caneesption frequetey pvtht ariedal fregpeney-vaonsegyenty, selfraixing of

a local signal causes a DC offset. Since the multiband OFDM system

EOUHbFhsT FELENTY hopbing, &'ftal slgridiarettersy vardsiae: takh

HBIEHEN BARPG- HiRce A apennag sflecign.coefficiept depends on.
frequencies, the DC offset resulting from

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.
[0042]

A Low-IF system receiver is known as means to solve the
DC offset problem in the direct conversion receiver. In this
manner, the Low-IF system converts the reception signal once
into the IF frequency. Even when self-mixing of the local
signal causes a VDC offset, it can be easily separated because

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

dhedocal, signalcapses a BE.offset, itiganbe gasily separatedhecaliseipass
the frequencies are apart from each other. The Low-IF receiver - 16 ‘
fCalises aanew ProisierncT herds it retgiives thé#ilbercbandpesdstltercand-ie
a second local signal that are unneedged for the direct conversio T
Fhb&ver Firifer SAmpIrg an TF Signar makes it FeORsary 6 ndroage?™ !
Ahesample-clockJate of the A ccenverter. {0043k \When receiving:d the AD
multiband OFDM signal for frequency hopping, the above disclosed radio
Comiinication apparatus performs conversion such as FFT for fast

f@gggqm analysis of OFDM signals, and then sorts sub-carriers by
otafion. This eliminates the need for frequency conversion using a

secondyiecal signal andenablesitberseioftiersamesAblcofwersiarquency
clock as for the direct conversion receiver. 0044] The frequency

hepwersion Fisandifikes areeeplich sigifat witPATo e Sigridto geharate™s
feysntarmediale liequancy, signalSpaafically. the Jieusncy GNVEISIDs s
eans mixes a reception signal. with a local signal having a local

fequemeysignals, and then sorts sup-carriers by rotation. This
eliminates the need for freguency conversion using a second
local signal and enables the use of the same AD conversion
clock as for the direct conversion receiver.

[0044)

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

[0C45]

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

band
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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 in'-~erval. [00451 The AD
conversion means samples analog signals using a sampling frequency

dwice as1high as-said loywintermediate frequency. In other words, the AD
conversion means samples analog signals using a sampling frequency

gouivalent to a band - 17 interval for frequency hopping. [0046] The
above disclosed radio)&ommunication apparatus further includes an

intermédidte fFEGUENCy filter o femove tiheceSSaR) Wates i a SPPAratys

ﬁ@z‘ﬁ’ﬂﬂ@_”}ﬁ%@%“é@qlé%”%%@@ﬁla&W”?%@E@ﬁ&ﬁ?df@iﬁ@rﬁ%@%&y@ve
conversion means. According to the Low-IF system, the intermediate

freqeeneyafilter istcompaosedqof d dlitherttsandpiisstfiter formedhloy usingnal
a gyrator to connect the same twaq real filters with each other. When

E R ROaY TRETHTHRIEBPR by uSHG & TyFAROFTOMcormutton HehheehHHBS"
samg-twe seal filters. an Jnteger wafio for anelementvaldeotie frequency

ladder-type prototype filter as a real filter is used. In this manner, the
abover disclosedradisl commaenidhtioreappdratysean sinmditareolsiyred by
snirol the conter frequency and the hand, The Hibert BEE canbe easly .,
each other. When configuring the Hilbert BPF by using a
gyrator for connection between the same two real filters, an
integer ratic for an element value of the ladder-type prototype
filter as a real filter is used. In this manner, the above
disclosed radio communication apparatus can simultanecusly
contrcl the center freguency and the band. The Hilbert BPFE
can be easily realized.
(00477

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 1s detected in
the time domain without performing the FFT. In other words,
differently from the frame data pecrtion, the preamble sequence
is free from sorting by the FFT. Accordingly, it is impossible
to detect the correlation between the received preambie
sequence and a known preamble sequence. To solve this problem,

a sequence resulting from multiplying the known preamble

seguence by the low-intermediate frequency to
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[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

Horyon, HP%D&%%@!QJQ@%%%% ig free-from sorting by thesFEdeq. in this
Accordingly, it is impossible to detect the correlation between the

rmeceied predmbie seduencecant: adkriovwnprearabld-sequence. To solve
this problem, a sequence resulting from multiplying the known preamble
%%Qﬁ%nce by the low-intermediate frequency to - 18 ensure the

correlation with; a regeption-signal is:used. In thisymanner itys pogsible-10;; o
detect the preamble. [0048] According to a first aspect, there is provided a
radiozcommunicatiorrapparatusWwhich isieperalsletoise adowse a low-
intermediate frequency to receive a multipand OFDM signal. for hobppinjg a .
%gé slgnai

Rntertreqashicy draiepeciied Bard ntarVal, wHerein $aid apparatusis
pperaplgtomixa receptionsignal with arlocal signalhaving a-locahterval,

frequency apart from a reception frequency by half of a band interval for
fizguency shoppitgrergénerate adpwsintémneadiate frequerciesighal signal
composed of a low-intermediate frequency half of said band interval.
Rechrang {08 SeCoR abplet: tie To prodfied & Tl camAtiication” =
apparatuswhich s aperable toise 8r s band interval for frequency

hopping to generate a low-intermediate Irequency signal
composed of a low-intermediate frequency half of sald band

interval.

According to a second aspect, there is provided a
radio communication apparatus wnich is opesrable tc use a
low-intermediate frequency to transmit a multiband OFDM
signal for hopping a center fregquency at a specified
band interval, sald 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 & baseband; low-intermediate ZIZIreguency
multiplication means for multiplying a low-intermediate
freguency and a transmission signal after  bheing
processed by salid conversicn reverse tce 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 freguency; and



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
£pnyersion reverse fo spegtrum analysis without changing ahaseband; ;-
low-intermediate frequency multiplication means for multiplying a
lowdntesniédiate frequeneyand astignsmissionm signakafteribging requency
processed by said conversion reverse to spectrum analysis together to
'JehRite SHOGRDM-Httutated low- intermediate frequency signal; DA
p@@g@r]sion means for converting a low-intermediate frequency signal into
an analog signal using a specified sampling frequency; and - 19

frequency conversion means for converting a low- intermediate frequency
signal into a high-frequency transmission signal. [0049] 19a The Low-IF
multiband OFDM transmitter according to embodiments of the invention
generates a transmission IF signal by multiplying an IF frequency and an
OFDM signal together before DA conversion. The transmitter uses sub-
carrier power level compensation means to correct an aperture effect of

the DA conversion means before converting a transmission signal

reversely to spectrum analysis. In



this manner, a flat frequency spectrum can be obtained. it is possible to
use the same DA conversion clock as for the direct conversion receiver.
[0050; According to another embodiment, a complex FIR filter can be
used after IFFT to correct a frequency response due to the DA

converie(s apgriure effect, In this manner, a-flatireguency:spectrymcan
be obtained. It is possible to simultaneously provide the interpolation and

t¢hecfieguensy reSporise correstionotffgeneftheemventionafGdstsion IF
Embodiments of the invention canEprovide an excellent radio

Tomftunicatioh appatatiscapable’of A5ptoptiately Hansittg dnd* 971
fegeiving multiband GEDM, signals for hepping cgnter frequencigs At aup.-
specified band interval. [0052] According to embodiments of the
imvention, acowdtiband GEDM-UWWBtrarismittingrend Teceivingappatatusan
is provided in low-intermediate frequency, (Low-IF) corg%]ration to be -

FOP CaabIE of SOiviNg problers Stributed 6 ddirett-Convarsion 7<= =119
transmitting.and receiving apparatusand of facilitating. .generation of local,

frequencies. [00531

this manner, a flat frequency spectrum can be obtained. It
is possible tce use the same DA conversion clock as for the
direct conversion receiver.

[O050]

According to another embodiment, a complex FIR fiiter
can be used after 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

freguency response correction.

Effect of the Invention
[CO51]

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 interzwval.

[G052]

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

- 20 -



Embodiments of the invention can solve the problems attributed to the
Low-IF receiver that requires the Hilbert bandpass filter and the second
local signal unneeded for the direct conversion receiver and increases a
sampling clock of the AD converter to sample IF signals. Embodiments of

E@%aEW@”H?”éﬁﬂ%?ﬁg%?%Eb&%%@”%%%?@@&%%&“%H“&“B%QgcgﬁﬂBwbersion

system. [00541 According to embodiments of the invention, the Low-:_F
receiver canngtatetd seetcstibFcarriersafienEET, ehminatingtthelnéed famg
frequency conversion using the second local signal. In addition, it is
PoOESIbRtbUse” the Same AD Tonversiditclock as for the direct

ﬁ:g@\é%rﬂsion receiver. An FFT-free preamble can be detected by using a
sequence resulting from previously multiplying an original preamble
patternrichbantErfrequency:-togethere {0055} ThenLow-IFaecdivenusesiems
the Hilbert BPF to remove an image resulting from the frequency

Eonverditi When “Genfigufing the AbER BPE By USIG = Gyrator ol 127"
gonnggtion between thessame two real filters, embodiments oo dbecq  for

invention use an integer ratio for an element value of the adder-type
pretotiipe=filtercas: aseal filterrdn¢hisemanmmer iemizediarentsseithel presentck
invention can easily control the center frequencx The Hilbert BPF can be
gﬁlt%%sﬁyrggﬁfggter to sample IF signals. Embodiments of the
invention can apply the Low~IF system to tThe multiband
OFDPM system.
[0054]

According to embodiments of the invention, the Low-IT
receiver can  rotate to sort sub-carriers after FET,

e

eliminating the need for freguency c<onversion using the
second local signal. In addition, it 1s possible To use
the same AD conversiord clock as for the direct conversiom

2

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~I1IF receiver uses the Hilbert BPF fc remove
an image resulting from the frecguency conversion. When
configuring the Hilbert BPF by using a gyrator for
connection between the same two real filters, embodiments of
the inventicon use an integer ratio for an elsment value of the
ladder-type prototype filter as a real filter. In this

manner, embodiments of the present invention can easlily

control the center frequency. The Hilbert BPEF can be
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[0056] When a capacitor is serially inserted to an output from the mixer
for frequency multiplication so as to remove a DC offset, embodiments of
the invention can limit the step response time to approximately 1/10 of the
OFDM symbol time by setting the HPF cutoff frequency to approximately
g&i"ﬂ{j‘%e@%ﬂﬂhe Low-IF multiband OFDM transmitter according to
embodiments of the invention generate a transmission IF signal by
nadltiplying an IF frequency and an OFDM signal together before DA
conversion. Correcting the DA converter's aperture effect before IFFT

makes'it PBsSiblERF isE the Sani& “DACEnversithedck asfor théirect ™
£ROvgrsian f%%%V%&e%%% ince emhodiments of the, inveptionprovide e
the multiband OFDM UWB transmitting and receiving apparatus in
¢ OfeE configurdtiorrit is poSsiblesto easiy generateatocalfregquertociesstep
and decrease spurious signals. [0059] These and. other aspects, features,
BntFatENtAgES of the IRventiorhriaybe teddify ascetamed by Hfétring '™
ﬂ§,_t@séeﬁ%\_@v'haq%m%%rr_@un&%e%th%@éﬁ@%@nq@p%yggx9@@@9@- 33
rief Description of Drawings 0060] FIG. 1 shows the configuration of a
kew-IF multiband

(6057

[

The Low-IF multiband OFDM transmitter according to
empodiments of the invention generate a transmission IF
signal by multiplying an IF freguency and an OFDM signal
together before DA conversion. Correcting the DA converter's
aperture effect befors TFET makes 1t possible to use the same
DA conversion clock as for the direct conversion receiver.
(00587

rovide tThe

Since embodiments o¢f the i1invention
multiband CFDM UWB transmitting and recelving apparatus in
Low—IF configuration, it is possible to easily generate
local frequencies and decrease spurious signals.

[00584]

These and other aspects, featurss, 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
[00607

FIG. 1 shows the configuration c¢f a Low-IF multiband

_22_



- 22 OFDM_UWSB transmitting and receiving apparatus according to an
embodiment of the present invention. FIG. 2 diagramatically shows only a
receiver portion of the Low-IF transmitting and receiving apparatus. FIG.
3 shows how frequency folding occurs due to AD conversion of OFDM
reception signals. FIG. 4 shows the relationship between an original
preamble sequence and a preamble sequence intended to be detected.
FIG. 5 is the circuit diagram of a prototype LPF. FIG. 6 is the circuit

Hisbra B ERBRHB PRI MO 7 ER6HE e qaBAGE FiSpars@ BRI to an
bRt R BIC cRshons thecanfigurayon, of a Low-IF multiband OFDM
UWB multiband transmitter according to an embodiment of the present
inventi8AGkI@. Qishpasithe spettyusheka tearismissierdi signgoviiern of
tgze lLow-_I_IE multiband OFDM UWB multiband transmitter does not correct
ASgraaation of tRE FFEHUERY rRBFoRSEFIGI A9 SRS Adbhfiguration
exampia 6 the XRolNeROIAILJelGs i, ShaWs Agoriigyration examplg of
the complex FIR ﬁlter. FIG. 12 s%owriégomplex ta%occ%ﬁcients of t'%bg
CORMPRSAPIR It ERMshewe it F06. $11gki3.513 shows the spectrum of a

transn%l ionqu %gnal when the Low-IF multiband OFDM UWB multiband
Uansnﬂzer shows the relationship between an original

~ preamble sequence and a preamble sequence 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. B8 shows the confiquration of a Low~IF multiband
OFDM_UWB multiband transmitter according to an embodiment of
the present invention.

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

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

F1G. 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 transnmitter

according to the present invention corrects the transmission
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according to the present invention corrects the transmission - 23 IF
signals frequency and removes frequency folding components. 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. FIG. 15 shows a frequency synthesis block for frequency
hopping (FH) used for the frequency configuration as shown in FIG. 14.
FIG. 16 shows spurious signals resulting from 528 MHz harmonics in the
e guegiey confiteatien iy Fi®dl 4 cRiGeE7 Shewsangxdnbie ofthe

éroem uencpélallocation defined in the multiband OFDM UWB communication
Sys em. FIG; 18 shows a configuration example of the direct conversion

receivertsed fordheyauliiband QRN s¥stellnFiGel9.dirgramatical¥anag

shows self-mixing of a local signal. FIG. 20 diagramatically shows a DC
fdet YESU MHg fidrantheselhpmsinge FI@c 2 stibng & configurstiopdiment

exam%Ie of a first-order yl%g%ags filter. FIG. 22 diagramatically shows
e

The convergence tme st C8fsetstEp Pesporise when the high-pass

filter cutolf . fresuangysis=settothd e MEZIRAREG diract SORVERIORrequency
receiver. FIG. 23 shows a conventional example of the frequency

haprAess BIBEkYgrouSAr3tend restis)for frequiéhgy higppimg 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 freguency
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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(FH) used for the direct conversion receiver as shown in FIG. 18. 24 FIG.
24 diagramatically 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] 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 tgﬁ_lvezhﬁhe ;2C offs%t.problem in the direct conversion receiver.
For example, the LOWAIF SyStent is deSAHIEY M E8fv-Ie Tepbiclesifer r
igRerforrmance Analog Front Ends of Fully Integrated Receivers”
(IEEE Trans. Circuits Syst. II, vol. 45, pp. 269-282, Mar. 1998)" written by
J. Crolsaiftt M Stehaes. poas3jeial 26cstivisithe-denckat sanfigueation

- effhedowslE teceiver. The Low-IF receiver in FIG. 25 converts a '
reception signal into an intermediate frequency (IF) using first complex
local signal frequencies cos(2fa,t) and sin(2f.,t) different from the

receé)tion freguency. During the frequency conversion, an intended signal

a

BRE%AISyE SyiatrvEes Qués Betocaivieediiancy LOI appear in the
. IfooBhe Hilbert band pass filter (BPF) is used as an IF filter to remove

image signals. The
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 reception
s:_';gnal 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 an image signal on both sides of local
frequency 101 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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receiver then amplifies the IF signal, AD-converts it, performs a digital
process to convert the frequency using the local 25 signal, and converts
the IF signal into a baseband signal. [0064] 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. Since no

éq HQ??' séi_ggal is found near the DC,.the DC offset does not interfere
with the intendec§ %?éenra%.sﬁi%fﬁer?,%gi%%# $P&Rf hay Ty geherark-
Ioca signals because the local signal frequency differs from the reception
frequency. This will be discussed in more detail later. [0065] The Low-IF

receivert &t Ss BERSR rdBkent: Rt Bss it steepuirestheriibeheh andpass on
dilterand,a secppd Jogcal signal that are unneeded for the direct
CCE%E/ersion receiver. FOEO%G%ER% AD-convert an%vreenmg &% DB SHSECART R’
thrage créquibgoy Signakurchangedysit is, Neeessany AR CONERIL 118 ted
bDC offset and the image frequency signal as well as the indented signal.
RIS Babb s dRpARG 2 S sl AR iERetessaly e imreassihge no

iSRRI alockaLq of e AD. gopveHer, (9087 The presentipventign . .
,solves these problems of the Low-IF Teceivef an approprla?éely a%%‘ﬁ%s
Ltk el sy sterito thecended 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
frequencysignalunchangedly,ii:isnecessaryiuaAD~convertthe
DC offset and the image frequency signal as well as the indented
signal. In this case, sampling an IF signal makes it necessary
to increase the sample clock rate of the AD converter.
[0067]

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

‘multiband OFDM system.

[0068]

In this context, Low~IF (low-intermediate frequency)
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multiband OFDM system. [0068] In this context, Low-IF (low-intermediate
frequency) - 26 signifies the use of a low intermediate frequency (IF)
equivalent to a half of the band interval in the frequency hopping. The
multiband OFDM_UWB system in FIG. 17 uses the IF frequency of 264
MHz that is a half of the band interval (i.e., hopping frequency). [0069]
FIG. 1 shows the configuration of a Low-IF multiband OFDM UWB
transmitting and receiving apparatus according to an embodiment of the
HreReht irverfiBnt it FRE. &, te\obtaris ddaialditacune secdiVe). The

tomhaltisceauivalent to the transmitter. Both share one antenna via
egfri:']tantenna switchﬁ(%]m]o_l(?hfs 8%%0%‘?3 revﬁgcejf\?err%fethg OW-TE <Y
heapsmgtingr lanchiaceivingappanatosB\dihsefranceriah 167 2: 48 the IF
following describes in detail the Low-IF receiver according to the present

GROBRGESRY[067 201 Miksddinsaitat IBRAfsRRINE, Repea b Tighef than -

h%q%egyg&ygg%}oj the reception signal and that the IF frequency is
-264 MHz. The product of the multiband OFDM_UWB system's

[8@6-hrrier frequency (4.125 MHz) multiplied by the FFT size (128) is 528
MHz. Accordinglgf, the baseband bandwidth
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
Lo 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 detai; 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
syétemis 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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is 264 MHz. [0072] To prevent the frequency folding (or AD converter
aliasing), the sampling frequency for AD conversion needs to 27 be
double the signal frequency. The direct conversion receiver provides the
sampling frequency of 528 MHz. By contrast, the Low-IF receiver using
the IF frequency of -264 MHz provides the signal frequency range from
-528 MHz to 0 MHz and therefore requires the sampling frequency of
1056 MHz. This is a first_problem. To solve this problem, the embodiment

e HEHRS A S TRASIohHESIHG PalF thERAM PRRG breGuaiTeys 1en 52gNMer
Kbangnternval of s &qrrget(l;ﬁg,]qi%%é the trsgugncy h%lgpiggﬂ@fg%st, the

positively uses the frequén ding.T0073] FIG. 3(a) shows the sampling
Yraiéney enivieowathin fredueeniey folding ocouss FIG 43fyshowsities the
relatgolnspri% between the OFDM signal and the sampling frequency before

“RIB converdidht BIGT 3P S hoilthe fdlatibifsHis bR ohEen #s Ortspe fore
rsignakardihe %agmgmlf%@@&x@%rﬁq B9RVEEBION. KAl P 5 £3yst

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

| PP eguenty feleintg chhnges tivd Seb.carhier ssdguihoerbutaditherms A/D
Jaecessar si%nals ar ,giD-converted. [0074] The OFDM modulation
SRRt bahBforir e e §ERAPFRG ¥he frefuency® MHz

System performs

(Bamainfos Fesapliencdhee subredfiiers £au e pasily sartedaffet rfchping
Since the FFT

and positively uses the frequency folding.

[0073]

FIG. 3(a) shows the sampling freguency 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 ¢f the
GFDM signal, the frequency 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
FET.™ SANPO PUBLICATIONS INCORPORATED, 1981, pp. 76) Sorting
sub-carriers is equivalent to performing the freguency

conversion. Accordingly, the embodiment differs from the
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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 - 28 conventional Low-IF receiver as shown
in FIG. 25 and eliminates the need for the frequency conversion using a

secomekioeal signal JOPAR] So far, the Low-IF receiver according to the
embodiment has demonstrg?e%l%%rs%%c%\ggﬁﬂ d&nidduiatio BEfdBARE tes

OFDMnsigghafe Onttke btkerlaang; the pultiband QEDM SYSICMUSES B, -9

prsearplglf sequence for packet synchronization. The preamble sequence
is dlgsgnéd on the premise that the correlation is detected in the time
dooteis without performing the FFT. In other words, differently from the
frame data portion, the preamble sequence is free from sorting by the

FFT. Acéordingly, tiés Impessibie-tedetactdbe SAHEIRIRD BEWeENIS : mont
r%%%ivged I{g%\mble éeﬁ uence and a known preamble sequence. To solve

" this problem, the & MBACETPIYS drepradmblieodetdction tidthnd OFDy

thabueas a seguencedesdliing.from previous| ’%“'tiglyi:}%the g
a , = A . -
preamble pattern by the IF frequency to eﬁguél 2 Correraticl iRy uses a
@gesﬁeﬁ%umgm]&mcg#ﬁp@@pb&lﬁﬁzﬁﬁ%ber §i90a), 108 i1 0
%réQfQQJncpée?@b e sequence is multiplied by a repetition of +1 and -1
€signed on the premise that the correlation is
detected in the time domain without performing the FFT. In
other words, differently from the frame data portion, the
preamble sequence is free from sorting by the FFT, Accordingly,
it is impossible to detect the correlation between the received
preamble sequence and a known preamble sequence. To solve this
problem, the embodiment employs the preamble detection method
that uses a sequence resulting fronlpreviously'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 seguence is multiplied by a repetition of +1 and -1
resulting from sampling cos(-264 MHz) at 528 MHz, where
cos({~j264 MHz) is a cosine wave component of IF frequency
exp(—j264MHz)._Consequently,thesynchronizationijiobtained
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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resulting from sampling cos(-264 MHz) at 528 MHz, where cos(-j264
MHz) is a cosine wave component of IF frequency exp(-j264 MHz).
Consequently, the synchronization is obtained by ensuring the correlation
between a reception signal and the sequence resulting from multiplying a
repetition of +1 and -1 by the preamble sequence intended to be
detected. - 29 [0077] FIG. 4 shows the relationship between an original
[Oﬁr?%}nble sequence and a preamble sequence intended to be detected.

In PG4, paftern 1J3 t?t%@é@@?'a?gﬁ?%“se t'e‘;'i' C?Z%%’@&‘anpgg%;@rﬁ]&%%%nlg .

MHz) is the sequence intended to be resulting fr

priepaiitien ok &l ande1a {0028 the kew:l Flaljtiband OFRM fgeeivels be
requires a Hilbert bandpass filter that is unneeded for the direct

det¢awieesion dystéh{sed abpué) ctine teasontisto remgueiage-eamble
components caused by the fre(cEency conversion from the reception

S CGYRAC Thefes EkRovr Téthod bt sty Bty rafT 16 eoRnaEthe Sarhé © ¢
S e e e R e
[ o1& Voorman. "The Gyrator as a Monolithic Circuit in Electronic

Systems." Ph. D. thesis, pp. 83-103, University of Nijmengen, 1977).

[QO?Q}EGLEWS é%in@uil‘didgafam anw@@waeaﬁiﬁlﬁ. 6 istalbert
bagggggﬁaggggg?0¥g§%a;gbiggggégécggﬁﬂ ggﬂ%g;ect 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 sc as to realize a Hilbert BPF (alsoc called
a complex filter) having the -264 MHz center freguency and the
528 MHz band (e.g., see J. O. Voorman. "The Gyrator as a
Monolithic Circuit in Electronic Systems." Ph. D. thesis, pp.
83103, 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. In FIG. 6, each of five
gyrators connects the same two real filters with each other.
The following equation shows values of transconductance GiCy
corresponding to the gyrators.
[6080]
[Equation 2]

G,C,=Ref XG X o, o,
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is control over the center frequency. In FIG. 6, each of five gyrators
connects the same two real filters with each other. The following equation
shows values of transconductance GmC" corresponding to the gyrators.
[0080] [Equation 2] GmC"=Ref"XGmX co ,/W 30 [0081] In this equation,
wo is the center frequency; we is the half of the band; Ref, is the
prototype LPF's element value; G. is the trans conductance to determine

{Y)%ﬁéd GC, is the transconductance to determine wo. Generally, the
rans conductance is proportional to the transistor size and the current.

When the rglationghip.among,wo, we.,and Ref. is selected so as to .

provide an integera ratio between GC, and Gm, an ?re;‘:t% 8F Patld cah Be =he
hsrblidet barvbendie Rafsistorisize antheygu remr This Ivakastit value;
GDossible to easily fabricate the Hilbert BPF as an integrated circuit and

SAniUitarbo s TCTIRRS R TefiterPe §EESETHERE tRs batld SnEe the the
«BRodimelL pIRUHesdhgsame Ahsolyle valis [ g and g, the

prototype filter is designed so that Ref, becomes a simple integer ratio.
ToeBF mICuTtshisifsia fraqurentyisspbrise W ¢herdilisért BRFs azecxrdidg he
to the embodiment. When a cutoff frequency is aligned to the center

WG ey, HREEMBrHEGIEHEPARR Re BARIT A b&eonttflelie fn is
seiludtaneeusls to provide an integer ratio between GuCn and Gy,

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 simultanecusly
control the center frequency and the band. Since the embodiment
provides the same absolute value for @y and ®c, 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 fre_quency, the center frequency -and the band can
be controlled simultaneocusly.

{00837

The multiband OFDM UWB systemhas +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 MHz. Since the
IF frequency is configured to be -264 MHz (see above)  the range
of ~264 1231 MHz (= -495 MHz to ~33 MHz) is an important signal

band for the IF frequency. When a capacitor is serially
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[0083] The multiband OFDM 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 MHz. Since the IF frequency is configured to be -264 MHz
(see above), the range of -264 231 MHz(= -495 MHz to -33 MHz) is an
important signal band for the IF frequency. When a capacitor is serially 31
inserted to an output from the mixer so as to remove a DC offset, the

PRt et stitpeinBendths BppoxifatRly 33 ME2Y AR RIS dffset,

the sies reshanse fme inapproxmalel.3q. naposssonds, Apcordingy i,
is possible to satisfy the requirement of limiting the step response fime 10
Fdpprbxinateie 1/tbofthe OB symbot iime (appsppmate=3R1y 30
nrtlialrlnosecon%%,__)‘. (0084] FIG. 8 shows the configuration of a Low-IF

muftiban DM R ftEand frahdni@sisdddsrdify frdd sty the
reepbodisent-af sth iRyeay -IE configuration
ner@gassitates gene?ﬁo?%%ta%ﬂ%%%%\% n%%ﬁlflgé%gf IIL';%% nléﬁ. gﬂgsé %%gvﬁa}% ely
- 1F[®. @ fihehirOF 8t pantdroled forea baspbardsignal wsiis similaslydortbe ) .
{%gﬁt conversion. The complex multiplication is performed for the signal
an I%frequency exp(-j264 MHz) before the DA conversion. In this

mannerz¢he oyy:i sopfiguiasion: criLBe £a3il% dmplemenied 1t iband
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
conversion. The complex multiplication is performed for the
signal and IF frequency exp(~3264 MHz) before the DA conversion.
In this manner, the Low-IF configuration can be easily
implemented.
{00861

The multiband OFDM system using a direct conversion
transmitter performs the DA conversion at 1556 Msps to easily
eliminate the frequency folding. By contrast, the Low-IF
configuration necessitates the DA conversion at 2112 Msps
because the IF frequency band ranges from -528 MHz to 0 MHz.
To solve this problem, the embodiment performs the DA
conversion at 1056 Msps equal to that for the direct conversion

transmitter to compensate the freguency response degradation.
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[0086] The multiband OFDM system using a direct conversion transmitter
performs the DA conversion at 1056 Msps to easily eliminate the
frequency folding. By contrast, the Low-IF configuration necessitates the
DA conversion at 2112 Msps because the IF frequency band ranges from
-528 MHz to 0 MHz. To solve this problem, the embodiment performs the
DA conversion at 1056 Msps equal to that for the direct conversion
fransmitter to compensate the frequency response degradation. - 32
i88§'7]]FIG. 9 shows a transmission IF signal spectrum when no

correckiafls BadflLne UPGHERCK LSRR0TSE dagadpliondn . Ol no

multiband OFDM UWB multiband transmitter. The spectrum has the sinc
Tharacteristiciduraidethe RAcdnverter s gpessite refte de ghacandinglyi ihehe

Ifg%qli%nc%rPand between -528 MHz and 0 MHz is not flat but has a
PO AR BN Y B mphd Lhaadehcp RABHG ‘Cdus R IaRg STy~ um

gradien

Hargermpliule companants JIndhg,bands iween 1984 Mhlz and 1056,
MHz and between 528 MHz and 1056 MHz. [0088] A sub-carrier power

elgferomperrsatdi rofiG. Stehahgesid¢he aripliddbdoweach-sidRCEAEERd
Q%V'OUSS"}{},% t%f%lgFT In_this manner, the frequency response can be

easily cortecte LGS RS PR Rt Rt oR BBPRI RSy S 4B The
FRABgthelc GOFEREioNeahodsS-10, changs & fayble ierPalaler Q(gmponents

interporatot) to a complex FIR filter. This' method can perform
in the bands between -1584 MHz and ~1056 MHz and between 528
MHz and 1056 MHz.

[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 interpolation and the frequency response correction at the
same time.

[008S]

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 filterxs.

{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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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 - 33 transmission IF signal

whea dhe Low-Hr nyyltiband QFPIM UWB_ multiband transmitter according
to the present invention ?:o?rects the t?gﬁsr%%%i—oﬁ‘? IFBhhAPE R JoEbieyUWE

arfiftéeved frequency felding-eompongnts, As.seen om FIG, 13,ihe, .

DA convgrter'g aperture effect is used to correct the frequency response

before TFET. [ this FRAFASS Sttt fdqrdeeadpectfinm qrambe abtdinshove s

[ G L 4rsNow i hen the Low-IF multiband OFDM
0:9:2 R i %éo%wae!ﬁt\% X ,f;@om FiGq alérbu‘f}é@lDA

UWB multiband transmitter according to the émbodime

bSAYERFEIFEWA IALFICE L7e A shewniin ks d 40lQssk Signe! fidS28%uency
Wéé;b&%@%r%@ OJtthe clrenter frequency of each band. FIG. 15 shows a
fs bidck rorirdyueRapreppingidat) Geeddenthisspect rum

frequency synthes
frequaneygardigwgation. As shown in FIG. 15, the frequency synthesis
block can divide the reference frequency obtained from a single oscillator

o1

FIG. 14 shows .local signals when the Low-IF multiband
OFDM _UWB multiband transmitter according to the embodiment
uses a groupe-l 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 fregquency configuration.
As shown in FIG. 15, the frequency synthesis block can divide
the reference frequency obtained from a single oscillator (e.g.,
r;‘CXQ {temperature compensated crystal oscillator)) and
synthesizes {adds or subtracts) frequencies using a mixer. As
will be understood by comparison with FIG. 23, the frequency
synthesis block in FIG. 15 decreases the number of dividers and
SSB mixers and easily generates local frequencies.
[0092]
FIG. 16 shows spurious signals resulting from 528 MHz
harmonics in this Case. As seen from FIG. 16, no spurious signal
occurs in group 1. Accordingly, the RF bandpass filter can be

used to easily remove spurious signal components,
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TCXO (temperature compensated crystal oscillator)) and synthesizes

(adds or subtracts) frequencies using a mixer. As will be understood by
comparison with FIG. 23, the frequency synthesis block in FIG. 15
decreases the number of dividers and SSB mixers and easily generates
local frequencies. [0092] FIG. 16 shows spurious signals resulting from

528 MHz harmonics in this case. As seen from FIG. 16, no spurious

signal ' 1. Accordingly, the RF bandpass filter can be used
to easilsfr%rin@o\% %%%%%%ésfé:r%%%gn%onents. 34 Industrial Applicability
[0093)3There has been described in detail the present invention with
reference to the specific embodiment. It is to be distinctly understood by
those sKISd T RS Lt fitaroansidechangde bmillmduifipatiorsanthvent i on
SkSHtYtions. b in.the. embodiment without departing from the
spirit and sco%}g)?‘ t%én %?ges(}n%r?\}eér?%nélﬁgﬁ%%ﬁﬁﬁ&pre EntinvERtBH

s béantdisclosed ssexemplifisatiens Theicantents;nf this. spegificatian,
sél%%%{denot be interpreted restrictively. The appended claims should be
fakenInto TonAaEtibrAb cavarpE cTHBE thEtyist ohthevarebenninkeritiorthe
3abelaimsi+ 1w IQ.C ication appatatus which is operable to use

a Iow-intermedi?i\fqt:;ﬁ‘fgrllgcc1u&)é‘le;??:?/%gEr%gt%eli?/reogl r%%ﬁibsﬁlldréﬁﬁ scope of the
bresent 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 present invention.
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signal for hopping a center frequency at a specified band interval,
wherein said apparatus is operable to mix 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 of said
band interval. 2. A radio communication apparatus which is operable to
Clajgsa low-intermediate frequency to transmit a multiband OFDM signal

for hopping-a genter-fiaguancy at aspegified-band inferal, sald operable to
apparatus com%risinf%iﬂOFDM modulation means for converting each

RS €guB-cafiEr RlbRGE FegiEncy BILTRE Y sighal=isRd Binfe &44d by 2and OFDM
sigperfornfing conyersion reverserne spectrnayaralysis without changingad band

iﬁt%%%? Ild‘;’qg)e\i/\fén{grrg%qlgteag?fg%%r%gsmLllls'flplcél%%t}:%%meeatng frgnr,x :11 Feception
multiplying a low-intermediatefrequency and a transmission signal after
sigpeihg piddessed byxhid convérsioareverse td spebtrineanalysis apart from

a J@e@ﬁ%&&%9%@%@@%@8¢3E9ngf@UB%GQJOﬂEHHGQH%QP#aYGQESnCBrequency

signal; DA conversion means for converting a low-intermediate frequency
hopgigngl intban a#aIsY dlghal dsingl@Spéaiied iRy frddificynand signal

conff@GuUenCcy, EoNyersion Mears i comverting-adowninjermediate frequency  band

intsgggglglto a high-frequency transmission signal. 36

2. 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, said apparatus comprising:

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

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

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

frequency conversicon means for converting a @ low-
intermediate frequency signal into a high-frequency

transmission signal.
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3. The radio communication apparatus according to claim 2, wherein any
of inverse fast Fourier transform (IFFT), inverse, wavelet transform, and
inverse Hartley transform is used as said conversion reverse to spectrum
analysis. 4. The radio communication apparatus according to claim 2,
further comprising: sub-carrier power level compensation means for
correcting an aperture effect in said DA conversion means before
converting a transmission signal reversely to spectrum analysis. 5. The

radip cemanunieation-appanaius aceerding o Glaimy 2 Jushar sempdsingaim 2,
a com%)lex FIR filter for correcting an aperture effect in said DA

cor&T&ioh meaRy aftef peHdYRTIrG coh@érsior VeSS to Sidettimy™  (IFFT),

invanalysis«6va he radicreamfrunicationdppatattis secardingltoclaima? s form  is

usQNerein said faguency.conversion means s gperable to, generate a
high-frequency transmission signal by mlxmé)a ow- intermediate
frequency signal with a local signal. 7. The radio communication

appAraiyR.AGCoRding Lo ARl 2, Wherein 2 lowsiniermediate faquency. s in 2,
signal is composed of a low-intermediate frequency half of a band interval
furfop effe GEBRYY 10PRg; and wherein said frequency conversion means is

opefiable-tor generateadighrireguenehanssaission signalby mi¥ingsrrecting
low- 37
an aperture effect in said DA conversion means before
converting a transmission signal reversely to  spectrum

analysis.

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
21

wherein sald frequency conversion means is 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 freqguency half of a band interval for
frequency hopping; and

wherein said frequency conversion means 1s operable to

generate a high-frequency transmission signal by mixing a low-
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intermediate frequency signal with a local signal having a local frequency

apart from a transmission frequency by half of said band interval. 8. The

radio communication apparatus according to claim 2, further comprising:

an intermediate frequency filter to remove unnecessary waves in an

analog signal converted by said DA conversion means. 9. The radio

communication apparatus according to claim 8, wherein said intermediate

frequeney:filterconprisessa HilberthandpassHilter formed byt usiag ahaving a
Loe:d gyrator to connect tahe same two reﬁal filters Wlth gac othej g%ﬁ%&ﬁ%&lf of

Oﬁ/ﬁ\ﬁlﬂlﬁﬁ&%ﬁ'@& APPARATUS " Abstract A multiband O _

saictrarsmittimg andaeceiving 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-carricraftsPRET t6 eliffiiiste the freed$6r2 frdfuéncy Coiversion tking+a 1™

2, A seeQnd g&%§@%@nd uses the same AD conversion clock as that for
a direct conversion receiver. An FFT-free gforeamble can be detected b

usifl &l SeqUSHEEEsEItng fromepreViodsly Mitftiplying Fe™eve unnecessary

waves in an analog signal converted by sald DA conversion

mearlns.

9. The radio communication apparatus according to claim
81

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.
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an original preamble pattern and an IF frequency together. Figure 1

RADIO COMMUNICATION APPARATUS

Abstract

A rultiband OFDM UWB transmitting and receiving
apparatus 1s provided in Low-IF configuration to sclve
problems attributed to a direct-conversion transmitting and
recelving apparatus. A Low-IF receiver performs sorting by
rotating a sub-carrier after FFT to eliminate the need for
fregquency conversion using a second local signal and uses
the same AD conversion <c¢lock 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 frequency together.

Figure 1



