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TI TLE OF THE | NVENTI ON RADI O COVMUNI CATI ON APPARATUS BACKGROUND dg;LHE
"I NVENTION Field of the Invention This invention relates to a comuni cation

resource allocation nethod and apparatus for allocating signals of plural
users in a predeterm ned band for traqinission. Recently, satellite
transm ssion, nobile transm ssion or the |ike uses communication resource
allocatio gﬁ%&gﬁggﬁgég#gggﬁgkggglity of earth stations or subscriber
station j r or base station for nutual exchange of
i nformati on for comrunicati on. For exanple, in comrunication resource
al | OCat'O”Ri\ﬂio”EQMhﬁN&&mwNSiwmm' ngl e base station is commonly
utilized by a plurality of nobile stations (users). Thus, a variety of

nmet hods have been conceived to avoid an interference betmeen respective
"nobil e stations. As nethods for

BACKG ND OF THE INVENTION

Field of the Invention

This invention relates to a communication resource
allocation method and apparatus for allocating signals of plural
users in a predetermined band for transmission.

Recently, satellite transmission, mﬁbile'transmission or the
like uses communication resource allocation method wherein a
plurality of earth stations or subscriber station join & single
transponder or base stationlfor mutdﬁl'exChange of information
for communication. For example, in communication resource
allocation for mobile transmission, a single base station is
commonly utilized by-a plurality of mobile stations (users).
Thus, a variety of methods have been conceived to avoid an
interference between respective mobile stations. As methods for
‘this purpoée, frequency division multiple access (FDMA), time
divisioﬁ.multiple access (TDMA) AND code division multiple access
(CDMA) are currently available.

Of these methods, the CDMA is one of communication resource
allocation methods in which a particular code is allocated to
each of mobile statioqs,'a modulated wave by the same carrier is

spread in the form of spectrum by this code and transmitted to
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this purpose, frequency division nultiple access (FDMA), time division

mul tiple access (TDVA) AND code division multiple access (CDVA) are
currently available. O these nethods, the CDMA is one of communication
resource allocation nethods in which a particular code is allocated to each
of nobile stations, a nodul ated wave by the sanme carrier is spread in the
formof spectrumby this code and traldsmtted to 2 the same base station
and a receiving side encodes respective waves by synchronizing to identify
a desired WhShifeestRatonstahben i andt ke Tisgasd vinat isdiieoconpidss atéspért band
L D S BB e it euieceymacmommin Statibn,

That is, the base station occupies all the band by spread
spectrum and transmits to respective mobile stations in the same
interval of time and by use of the same'frequency band. Then,
each mobile station de—-spreads signals haviﬁg a fixed spread band
width transmitted from the base station to fetch an appropriate
signal. Additionally, the base station identifies respective
mobile stations by mutually different codes for spreading.

This CDMA makes it possible to communicate by each direct
call if the particular code is determined between the base
station and each of respective mobile stations. Additionally,
the CDMA is exdellent in.secrecy in communication and therefore
suitable for radio transmission using a mobile station, such as
a cellular phone or the like.

By the way, the CDMA makes it difficult to place signals
transmitted from different mobile stations in strict orthogonal
relationship, so that they cannot be separated from each other
completely, thereby other mobile stations being an interfering
source. Further, if an application band width is defined, the
other band widths cannot be applied.

For example, FIG. 1 illustrates a model for extracting, by
de-spreading, a particular user's signal from eight mobile

station (user) signals multiplexed by coding. If it is intended

to extract, by de—-spreading, Uo from eight user signals Uo - U7



_each nobile station de-spreads signals having a fixed spread band w dth
transmtted fromthe base station to fetch an appropriate signal.
Additionally, the base station identifies respective nobile stations by
nmutual ly different codes for spreading. This CDVA nmakes it possible to

communi cate by each direct call if the particular code is determ ned
bet ween the base station and each of Bespective nobile stations.
Addi tional ly, the CDVA is excellent in secrecy_ in conmmunication and
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cel lul ar one or the |like. By .the vvay theCDgA kes it difficult to
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cannot be
UW thereby' S8/N characteristics deteriorating. Thus, radio

transmission using the CDMA has a narrow service area because
radio wave transmission lowers due to deterioration by
interference. Further, because an interference by the other
users can be suppressed only by a spreading gain obtained in a
process of spectrum de-spreading, the user (mobile stations)
capable of connecting to the base station is limited so'that the
capacity of channel is reduced.

The spreading band width is usually fixed and the number of
users which can be multiplexed is limited, therefore the CDMA
cannot flexibly cope with respective conditions in frequency
allocation different depending on countries. Thus, only a
relatively narrow band width can be defined, so that a maximum

user rate is also limited.

SUMMARY OF THE INVENTION

To solve the problem described above, it is an object of the
present invention to provide a communication resource allocation
method and apparatus wherein separation of signals among
respectiQe users can be achieved completely so as to prevent

deterioration of such characteristics as S/N or the like, the



For exanple, FIG 1 illustrates a nodel for extracting, by de-spreading,

particular wuser's signal fromeight nobile station (user) signals
mul ti pl exed by coding. If it is intended to extract, by de-spreading,

Uerr] fromeight user signals Uerr] - Uerr] 3 multiplexed by coding,
al t hough user signal Uerr] can be extracted, the other seven user signals

Uerr] - Yerr] handl ed by the sane b4se station becomes an interfering
source. As a result, as shown in FIG 1B, noise fromthe other signals
Uerr] - nmbeért of deseors tkRichgeah beemultipléredbyay/ blechataeedrtotiiecs
deteriorating. Thus, radio transm ssion using the CDVA has a narrow

a

servi ce amaaimerastentadiepening oanshesband wiclkh sardlid rtag stdtseriionr akiten by
interference. Further, because an interference by the other

can be changed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A, 1B are diagrams showing multiple access by CDMA
‘and the limit of the multiple access.

FIG. 2 is a block diagram showing a schematic construction
of an embodiment of a communication resource allocation method
and apparatus according to the present invention.

FIG. 3 is a block diagram showing  -a detailed construction
of the major parts of the above embodiment.

FIG. 4 is a blodk diagrem showing the construction of =a
mobile station reéeiving signals transmitted from the above
embodiment.

FIGs. 5A, 5B are diagrams showing multiple access conducted
by the above embodiment.

FIG. 6 is a diagram showing a placement of carriers within
a band and allocation thereof to user according to the above
embodiment.

FIG. 7 is a diagram showing variable transmission rates
according to the above embodiment.

FIG. 8 is a diagram for explaining the operation of the
present embodiment using the OFDM processing.

FIG. 9 is a diagram showing a case in which allocation of



users can be suppressed only by a spreading gain obtained in a process of

spectrum de- spreadi ng, the user (nobile stations) capable of connecting to
the base station is limted so that the capacity of channel is reduced. The
spreading band width is usually fixed and the nunber of users which can be

multiplexed is limted, therefore the cannot flexibly cope with
respective conditions in frequency alldcation different depending on
countries, Thus, _only a relatively narrow band wi dth can be defined, so

that a meb@SAHRRGEris HMides also |imted. SUMARY OF THE | NVENTI ON To sol ve
the problem descri bed above, it is an object of the present invention to
provi de a co cdtd dF e ey | Shovdmigo e gesifod navdhighpaddogetiker eifn
separati on of signals anpbng respective users can be achieved conpletely so
as to preVeHt! %%r*%r%ﬁ?% of such characteristics as S/N or the |ike, the

FIG. 11 is a diagram showing a case in which'allocation of
frequency is particularly wide.

FIG. 12 is a diagram showing a case in which the present
invention is applied to broadcasting equipment.

FIG. 13 is a diagram showing a broadcasting receiver.

FIG. 14 is a diagram showing a communication terminal
apparatus.

FIG. 15 is a diagram showing an example of base station
equipment corresponding to & mobile station such.as a cellular
phone or the like.

FIG. 16 is a diagram showing an example of a computer
apparatus accessing an internet or the like through optical fiber
or telephone line or the like.

FIG. 17 is a diagram showing an example of a network server

to be connected to internet or the like.

FIG. 18 is a diagram showing an example of applicatioh of

the present invention to internet.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the communication resource
allocation method and apparatus according to the present

invention will be described with reference to the accompanying



4 nunber of users which can be nmultiplexed can be secured to its maxi mum
extent dependi.ng on the band width and transm ssion rate can be changed.
BRI EF DESCRI PTI ON OF THE DRAW NGS FI Gs. 1A, 1B are di agrans show ng
multiple access by COVMA and the limt of the nultiple access. FIG 2 is a
bl ock di agram showi ng a schematic construction of an enbodi mrent of a
conmmuni cation resource allocation method and apparatus according to the
present invention. FIG 3 is a block diagram showi ng a detail ed

const ructdmavwigigs he maj or parts of the above enbodinent. FIG 4 is a bl ock
di agram showi ng the construction of a

According to this embodiment, the communication resource
allocation method and apparatus of the present invention is
applied to a base station 10, as shown in FIG. 2, which has
multiple access to a plurality of user signals for transmission
with mobile stations, such as cellular phone or automobile
telephone.

This base station 10 includes a multi-carrier modulation
section 11 for placing a plurality of carriers continucusly
within a preliminarily allocated band and for dividing and
modulating the carriers, and an adder 12 for synthesizing a
plurality of the carriers modulated by this multi-carrier
modulation section 11. Then, a synthesized output from the adder
12 is transmitted through an antenna 13.

That is, the base station 10 conducts communication resource
allocation for multiple access by dividing a plurality of the
carriers, placed continuously within a preliminarily allocated
band having a predetermined width, for respective mobile
stations. This communication resocurce allocation method is
called band division multiple access method (BDMA) here.

This BDMA is different from frequency division multiple
access (FDMA). The FDMA refers to & communication resource
allocation method in which a relatively low transmission rate is

determined and a plurality of carriers which are not always

sequential are placed on frequency axis. On the other hand, the



nobile station receiving signals transmtted fromthe above enbodi nent.
FIGs. 5A, 5B are diagrams showi ng multiple access conducted by the above
enbodinment. FIG 6 is a diagram showi ng a placenent of carriers within a
band and all ocation thereof to user according to the above enbodi nent. FIG
7 is a diagram show ng variabl e transin' ssion rates according to the above
enbodiment. FIG 8 is a diagramfor explaining the operation of the present
enbodi ment- using the OFDM processing. FIG 9 is a diagram showi ng a case in
whi ch al |BMAi orfefrs tdb a communication resource allocation method in

which, as described above, a relatively wide band is initially
allocated to a base station and then divided to respective mobile
stations under £he base station and is different from the above
FDMA.

Here, the multi-carrier modulation section 11 contains a
plurality of (m+l1l) multi-carrier modulators 11, 14,, - 11

m
depending on user signals U ,, U',, - U _ divided for respective
0 | n

users.

The construction of the multi—carrier modulators 11,, 11,4,
- 11, will be described with reference to FIG. 3. FIG. 3 shows,
for example, the constructiop of the multi-carrier modulator 110.

In the multi—carfier modulator 110, carrier allocators 20
allocates a user signal U’o to a plurality of carriers and the
allocated signals are modulated by carrier modulation circuits
211’_21P ~-21n. The outputs modulated by the réspective carrier
modulation circuits 211, 21y, - 21n are supplied to the adder 12.

The carrier modulation signals tpansmitted from an antenna
13 are received by mobile stations 30 which are respective users
as shown in FIG. 4. If this mobile station receives, for
example, the carrier modulation user signal Uo, the respective
carrier demodulation circuits 321, 323, - 32n of the carrier
demodulation section 32 demodulate réspective carrier modulation
signals. Then, the respective demodulation signals are

synthesized by a signal synthesizer 33.



frequency is wide. FIG 10 is a diagramshowing a case in which allocation
"of frequency is narrow. FIG 11 is a diagram showi ng a case in which
al l ocation of frequency is particularly wide. FIG 12 is a diagram show ng
a.case in which the present invention is applied to broadcasting equi pnent.
FIG 13 is a diagramshow ng a broadcasting receiver. FIG 14 is a diagram
showi ng a comruni cation term nal app8ratus. FIG 15 is a diagram show ng an
exanpl e of base station equi pnment corresponding to a nobile station such as
a cel lular phdie ol |$katiqn @0 16etahes dhhgyr adr shon medukakiempueedf a
oD AL i Il o s e S Gad HEN P R P
plurality of carrier modulation signals transmitted from the base
station by communication resource allocation method of the BDMA,
for example, 16 carrier modulation user signals Ua. Uy - Uﬂ
shown in FIG. 4A, in such a manner as shown in FIG. 5B. This is
made possible by carrier modulation in which the base station 10
divides a band according to the BDMA. 1In this case, separation
of the respective carrier modulation signals among users.can be
achieved by the filter completely. That is, the other carrier
modulation user signals Ui, - Uﬁ handled by the same base station
do not become an interference source. Thus, no other carrier
modulation user signals rides on a fetched carrier modulation
user sighal Uo, thereby preventing deterioration of S/N ratio.
Further, because there occurs no interference from other
users, the base station can determine the number of users which
can be multiplexed depending on a predetermined band width.
Meanwhilé, aécording to this embodiment, as shown in FIG.
6, narrow band carriers are placed continuously in respectivé
band of each of wuser signal carriers sallocated to the base
station 10 by the multi~carrier modulation section 11. Namely,
in each of the bands of respective user signals Ub, UP - UH
shown in FIG. 6A, the multi-carrier modulation_section 11 places

the carrier C as shown in FIG. 6B.

Here, although the number of the carriers to be allocated



FIG 17 is a diagramshow ng an exanple of a network server to be connected
‘to internet or the like. FIG 18 is a di agram showi ng an exanpl e of
application of the present invention to internet. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Her ei nafter, an enbodi nent of the communi cation
resource allocation nethod and apparagus according to the present invention
w Il be described with reference to the acconpanyi ng 6 draw ngs.
According to this enbodi ment, the communi cation resource allocation nethod

and appargs Us sGfnglite udeas Rt aisBvfieldl @8 e 8OP!i€did Germidvilcaltnat the as
shown in FIG 2, which has

number is one.minimum.

Further, the multi-carrier modulation section 11 places a
single carrier having 0 power as a guard band G on the border of
each band to minimize an interference of a band in the
neighborhood‘betwéen users placed nearby. Here, if the influence
of an interference by the band in the neighborhood is less, it
is permissible that the carrier having 0 power does not exist,
and if the influence thereof is excessive, a plurality of the
carriers having 0 power may be placed.

Further, as shown in FIG. 7, the multi-carrier modulation
section 11 is capable of changing transmission rate by making the
number of the carrierslc allocated to the users variable. Th#t
is, the multi—carrier modulation section 11 is capable of making
the division width of a single band variable by dividing the band
to an arbitrary number of the carriers C depending on user
condition so as to achieve modification of the transmission rate.
Division of the carriers C in the carrier modulation user signal
U0 and the carrier modulation user signal Ulshowh in FIG. 7A can
be achieved by mutually different numbers as shown in FIG. 7B.
Therefore, the carrier modulation user signal Uo can be
transmitted by twice the transmission rate ©of the carrier
modulation user signal Ur

Further, the multi-carrier modulation section 11 may place

the plurality of the above carriers continuously as shown in FIG.



multiple access to a plurality of user signals for transm ssion with nobile
"stations, such as cellular phone or autonobile tel ephone. This base station
10 includes a multi-carrier nodul ation section 11 for placing a plurality
of. carriers continuously within a prelimnarily allocated band and for

di viding and nodul ating the carriers, and an adder 12 for synthesizing a
plurality of the carriers nodul ated b¥0this nulti-carrier nodul ation
section 11. Then, a synthesized output fromthe adder 12 is transmtted

through ag gytéePPtRodsnalNBbedSent el PASH oxf A 1AL phiQ € QUEDM)S prOEELR gt on

resource allocation for nultiple access by dividing a plurality of the
carriers, Rpfaeedngonbi rRIGLS| 7, Wwi( i) N ilmdircitied narwaye fbtrmwcahddchandghaw ng
a predeterm ned width, for respective nobile stations. Thi s comuni cati on
resour ce ehkogatonntnetfoshuenaaldxic baddBdind scobte sna t ¢t el ar ddss ametehod
(BDVA) here.

Here, the OFDM will be described below.

In ordinary modulation, as indicated by the following
expression (1), pulse waveforms each represented by h(t) are
placed on time axis, information symbol of Xk is posed thereon
and the pulse waveforms are slid with respect to each other to
be overlapped.

[Expression 1]

x{t) =§ X, h(t-kT)} ~(1)

As a result of Fourier transformation of this expression,
the expression (2) is obtained as shown below.

[Expression 2}

x(f) =§ xH(f) exp(-j2xkfT) -(2)

Then, in this expression (2), time axis t is replaced with
frequency axis f. That is, f is replaced Qith t, symbol time T
is replaced with carrier distance B and waveform generation
filter H{(f) is replaced with time window (t). As a result, the
expression (3) can be obtained as shown below.

[Expression 3]



This BDVA is different fromfrequency division nultiple access (FDVA).
"The FDVA refers to a communication resource allocation nmethod in which a
relatively low transm ssion rate is determned and a plurality of carriers
whi ch are not al ways sequential are placed on frequency axis. On the other

hand,
whi ch,

t he

7 BDVA refers to a conmuni cation resource allocation nethod in

as described above, a relatively wde band is initially allocated to
a base station and then divided to respective nobile stations under the

base station and is diffgreytyf gé)cr%,wp_ﬁg\k%ﬁ%) H,e,r(?% the nulti-carrier
p

nodul ati on section 11 contai nx a

urality of '(mtl) multi-carrier

nmodul ators 11[err], 1l[err], -- 1llf[err]

This expression (3) presents modulated waves of the unit of
an hour under the OFDM.

That is, this expression (3) indicates that a moduletion
symbols of xk are pl#ced on frequency axis, they are modulated
by the multi—carrier represented by exp(-j2nkBt), and that time
window w{(t) limits the modulation because the modulation symbols
xk modulated continuously are not located on time axis.

In ordinary multi-carriers, because respective narrow band
carrier signals are filtered, the amount of corresponding
processing is large and some guard bands are necessary for each
of the carriers, so that the efficiency of use of frequency is
reduced slightly.

Then, with use of the above OFDM processing, assuming that
transmission rate for each of the carriers is B[Hz], the band
width necessary therefor can be also B[Hz].

Because, in the OFDM, rapid arithmetic operation using rapid
Fourier transformation is possible, this can achieve a far
smaller processing than when each of the carriers is processed
separately, thereby achieving a more rapid processing.

In a case in which the OFDM is used, the modulatioﬁ timings
of the modulation siggals of each carrier need to be synchronous

with each other. However, descending channels from the base



depending on user signals Uerr] UJferr] ... UJerr] divided for
‘respective users. The construction of the nmulti-carrier nodulators 1l[err],
11[err], 11 will be described with reference to FIG 3. FIG 3 shows, for
exanpl e, the construction of the nmulti-carrier nodulator 11[err]. In the
mul ti-carrier nodulator 11f[err], carrier allocators 20 allocates a user
signal UfJferr] to a plurality of carri*érs and the all ocated signals are
nodul ated by carrier nodulation circuits 21[err], 21[err], ... 21lf[err].
The out pustatibonl 8d etthbymbbé 1eespactiobne eaer sghchodunbaki @nthi eavht 9ther
21[err], 21[err], ... 21[err] are supplied to the adder 12. The carrier
nodul at i ofiosi ¢l daseanshatied floonteensmittnsagi8lar dhegedioved by robiel,e
stations 30 which are respective users as shown in FIG 4. If this nobile
station rthereéare therexhmpng, nehereddemer dwdddoaighoseeadisggediann@lst he
respective carrier denodul ation circuits 32[err], 32[err], ... 32[err] of
the carri EFOBendtful POPIdeSecEtohians ddimdihst cbfee ptiationcapppd,r to be

nodul ati on . . . .
synchronous between the respective mobile stations, the carriers

allocated to the respective mobile stations are sent all at once
and can be synchronous, therefore there being no problem.
Further, in order compensate for an individual transmission delay
among the respective mobiles stations with reépect to the
ascending channels, each of the mobile stations conducts time
alignment for adjusting transmission time. This enables
synchronization of modulation timing among the respective mobiles
stations, therefore there being no problem.

The multi-carrier modulation section 11 may divide the
carrier modulation user signals as shown in FiGs. 8, 11.

For example, FIG. 9 shows a case of allocation of a
relatively wide frequency band. FIG. 10 shows a case of
allocation of a relatively narrow frequency band. However, if
the freguency band to be allocated is narrow, it can be also
operated suitably for that limitation. For example, in a cese
shown in FIG. 11, the transmission rate to be allocated to a
single user can be made especially wide so that there is no
limitation with respect to maximum transmission speed for

service.

Because the communication resource allocation method and



signal s. Then, the respective denodulation signals are synthesized
" by a signal synthesizer 33. The nobile station 30 fetches the carrier
nodul ati on user signal Uerr] by filtering, by nmeans of a band-pass filter,
froma plurality of carrier nodulation signals transmtted fromthe base
station by comunication resource allocation nethod of the BDVA, for
exanple, 16 carrier nodul ation user %8Bgnals Uerr] UYerr], ... Yerr]
shown in FIG 4A, in such a manner as shown in FIG 5B. This is nade

possi bl e Pyp&ALERET am@%ahﬁontbn tMY cBrbBenbasgwidiic 18 diagdere aodzand

according to the BDVA I S case, separation of the respectlve carrier
modul at i ogle pa B8Ol Bg abREJcHE LI 6r§aBebRedfhitRvedebBpethevhi isersCapbakhl W

That is, the other carrier nodul ation user signals Uerr], ... Uerr]
handl ed byitbtersaie lkase sipgreds an interference from the other users
sufficiently, thereby making it possible to prevent deterjoration
of S/N characteristics. The number of users which can be
multiplexed is not limited by an interference from the other
users, and can be freely determined depending on the band width
io be allocated, obtaining to its maximum extent. By changing
the number of the carriers to be allocated to users, it is
possible to change transmission rate or achieve # variable rate.
Further, it is possible to arbitrarily set the guard band by
placing a carrier having O power; If the OFDPM is used in multi-
qarrier modulation, the guard band is not needed between the
carriers of different users, thereby making it possible to raise
frequency availability. Because rapid Fourier trgnsformation can
be utilized, the necessary processing can be small with a rapid
processing. Further, s&stem bands allocated to, for example, 5M
Hz, 10M Hz, 20M Hz or the like can be operated individually with
flexibility. Furthe:, there is no limitation in maximum bit rate
which can serve for users and how the maximum bit rate which can
serve for users can be changed is determined depending on the
band to be allocated. Whatever the.system band " is, it is
possible to realize communication with a narrower band. That is,
even if the system band is allocated to 5M Hz or 10M Hz,

communication with a narrower band is possible, so that upper



~do not becone an interference source. Thus, no other carrier nodulation
user signals rides on a fetched carrier nodul ati on user signal Uerr],
t hereby preventing deterioration of S/N ratio. Further, because there
occurs no interference fromother users, the base station can deternm ne the
nunber of users which can be nmultipl exed dependi ng on a predeterm ned band
wi dth. Meanwhile, according to this ed#odi nent, as shown in FIG 6, narrow
band carriers are placed continuously in respective band of each of user
si gnal caompatdbdlllicyatcach be trealdasd.station 10 by the nulti-carrier
nodul ati on section 11. Nanely, in each of the bands of respective user
signal s Ul err Furijhenr,] the prdsant igtvesat ion HaB WA aphkbied| to -mechirnes
nmodul ation section 11 places the carrier C as shown in FIG 6B. Here,
al t hough anide equyiipmends imheagdovsefdetldshe al | ocat ed
FIG. 12 is a diagram showing a case in which the present
invention is applied to broadcasting equipment. The operation
thereof is substantially the same as the above embodiments. FIG.
13 is a diagram showing a broadcasting receiver. This can be
applied to TV broadcasting, radio broadcasting or the like and
further to ground wave broadcasting and satellite broadcasting.
FIG. 14 is a diagraﬁ showing a communication terminal apparatus.
The present invention can be applied to cellular phones which
will be substituted for conventional GSM, PCS, PHS or the -like.
FIG. 15 is a diagram shdwing an example of base station equipment
corresponding to a mobile station such as a cellular phone or the
like. Here, waves transmitted from a plurality of the mobile
stations are connected to circuit network. FIG. 16 is a diagram
showing an example of a computer apparatus for accessing an
internet or the like through optical fiber or telephone line or
the like. The present invention can be applied to communications
other than radio transmission. FIG. 17 is a diagram showing an
example of a network server to be connected to internet or the
like. FIG. 18 shows a case of application of the present
invention to internet shown in FIGs. 16, 17. As the case of so-

called asymmetric digital subscriber line (ADSL), ascending and

descending bands can be provided on a conventional telephone band



9to asingle user is assuned to be 10, it is perm ssible that the nunber
is one mnimm Further, the multi-carrier nodul ation section 11 places a
single carrier having O power as a guard band G on the border of each band
tomnimze an interference of a band in the nei ghborhood between users

pl aced nearby. Here, if the influence of an interference by the band in the
nei-ghborhood is less, it is permssibl&that the carrier having 0 power
does not exist, and if the influence thereof is excessive, a plurality of

t he carrileysthavBDigA Osypotver. nay be placed. Further, as shown in FIG 7, the
multi-carrier nodul ation section 11 is capable of changing transm ssion
rate by making the nunber of the carriers C allocated to the users
variable. That is, the multi-carrier nodul ation section 11 is capabl e of
maki ng



the divLngn_deih_of_a singl e band variable by dividing the band to an

nunber of the carriers C depending on user condition so as to
achl ﬂi ,!"Hﬂ f the transmi ssion rate. Division of the carriers C
in t i'on user signal U0 and the carrier nodul ati on user

signal Uerr] shomn in FIG 7A can be achi eved by nmutual ly different
nunbers as shown in FIG 7B. Thereford6 the carrier nodul ati on user signal
Uerr] can be transmtted by twice the transnission rate of the carrier

nodul ati ognH$eh sSkdadheld €5%]. Further, the nulti-carrier nodul ation
section 1T may place the plurality of the above carriers continuously as

shown in kl CCommud@c8t Dyn oFdsvaparala ififoraitaRey méit Hodi O8mPYI & i Pk et df&J\;
processi ng.

allocating plural carriers continuously in a predetermined
band, and

allocating some numbers of said carriers continuously as a
carrier group in accordance with information to be transferred.

2. Communication resource ailocation apparatus comprising;

- allocating means allocating some numbers of carriers
‘continuously as a carrier group in a plural carriers allocated
continuously in a predetermined band in accordance with
information to be transferred.

3. Communication resource ailocation method as claimed in claim
1 wherein; |

said plural carriers are orthogongl each other.

4. Communication resource allocation apparatus as claimed in

claim 2 wherein;
said plural carriers are orthogonal each other.

5. Communication resource allocation method as claimed in claim

1 wherein;

said plural carriers contain at least one power reduced
carrier located between some carrier group and another carrier
group. |

6. Communication resource allocation apparatus as claimed in
claim 2 wherein;

said plural carriers contain at least one power reduced



Referrlng to FIG 7, w(f) indicates a waveformindi cating an energy on the
'frequency axi s and B I ndicates a carrier distance. Here, the OFDMw I | be

descr di nary nodul ation, as indicated by the foll ow ng
expr Hm“ﬂmmmuﬂ“ vvavef orns each represented by h(t) are placed on tine
axi s, Tnf%rrat fon®syhbol of xk is posed t hereon and the pul se waveforns are
slid with respect to each other to bet®verl apped. [Expression 1] [err] As a
result of Fourier transformation of this expression, the exgre55|on 2)

obt ai ned SAF ST IRAGE QEHRVIIAIE 2921 BEFT HTRYP PRALARQTRRPY egsrbﬁr(z)

time axis t is replaced with frequency axis f. That is, f is replaced with
t, synbol®G9YR- T

7. Communication resource allocation method as claimed in claim
1 wherein;

said numbers of allocating said carriers is varied in time
according to an information to be transferred.
8. Communication resource allocation apparatus as claimed in
claim 2 wherein;

said numbers of allocating said carriers is varied in time
according to an information to be transferred.
9. Transmitting method comprising stepé of;

allocating plural carriers continuously.in a predetermined
band,

allocating some numbers of said carriers continuously as a
carrier group in accordance with information to be transferred,
and

transmitting said allocated carriers.
10. Transmitting apparatus comprising;

allocating means allocating some numbers of carriers
continuously as a carrier group in a plural carriers allocated
continuously in a predetermined - band in accordance with
information to be transferred, and

transmitting means for transmitting said allocated carriers.
11. Transmitting method as claimed in claim 9 wherein;

said plural carriers are orthogonal each other.



I's replaced with carrier distance B and waveform generation filter H(f) is

" repl ac ' ' Ladow (t). As a result, the expression (3) can be
obt ai nﬁﬂ'%ﬂﬂﬂ@ﬂﬂﬂm [ EXpressi on 3] [err] This expression (3)
presents I"aweds s of the unit of an hour under the OFDM That is,
this expression (3) indicates that a nodul ati on synbols of xk are placed on
frequency axis, they are nodul ated byl8he nulti-carrier represented by
exp(-j2[err]kBt), and that time window w(t) limts the nodul ati on because
t he nodul 4%i ofirapambl Ling apparated eontlaimed|in gkaimtl |(Qcthetkion tine

axis. In ordinary nulti-carriers, because respective narrow band
sald plural carriers are orthogonal each other.

13. Transmitting method as claimed in claim 9 wherein;

said plural carriers contain at least one power reduced
carrier located between.some carrier group and another carrier
group.
14. Transmitting apparatus as claimed in claim 10 wherein;

said plural carriers contain at least one power reduced
carrier located between some carrier group and another carrier
group.
15. Transmitting method as claimed in éiaim 9 wherein;

said numbers of allocating said carriers is varied in time
according to an information to be transferred.
16. Transmitting apparatus as claimed in claim 10 wherein;

said numbers of allocating said carriers is varied in time
according to an information to ﬁe transferred.
17. Receiving method comprising steps of;

demodulating continuous plural carriers in a predetermined
band in a received signal as a carrier group.
18. Receiving apparatus comprising;

demodulating means for demodulating continuous plural
carriers in a predetermined band in a received signal as a
carrier group.
19. Receiving method comprising steps of;

demodulating continuous plural orthogonal carriers in a



~carrier signals are filtered, the amount of corresponding processing is
| arge and sonme guard bands are necessary for each of the carriers, so that

t he ef fiiggy mmumiﬁm frequency is reduced slightly. Then, with use of

t he abcnmlm #ihg, assuming that transmssion rate for each of the
carriers i $ BEHzY, Yhe band width hecigsary t herefor can be al so B[ Hz].
Because, in the OFDM rapid arithnetit”operation using rapid Fourier
transformation is possible, this can achieve a far snaller processing

t han wherPrefdtermingd dend dims 8 gemedicess ad enadareat @ \canrtigrelgroaehi evi ng a
more rapid processing. In a case in which the OFDMis used, the nodul ation
timngs o9+t HeGRHIGUInE ianPatafitg conprdsdngsarri er need to be synchronous

with each oth%{. WPWFyer, descendi ng channel s fromthe base
emodulating means for demodulating continuous plural

orthogonal carriers in a predetermined band in a received signal

as a carrier group.

21 Transmitting and receiving method comprising steps of;

allocating plural carriers ;ontinuously in a predetermined
band,

allocating some numbers of said carriers continuously as a
carrier group in accordance with information to be transferred,

transmitting said allocated cairiers, and

demodulating continuous plural carriers in a predetermined
band in a received signal as a carrier group.
22. Communication subscriber apparatus comprising;

allocating means allocating some numbers of carriers
continuously as a carrier group in a plural carriers allocated
continuously in a predetermined band in accordance with
infofmation to be transferred,

transmitting means for transmitting said allocated carriers,
and

demodulating means for demodulating continuous plural
carriers in a predetermined .band in a received signal as a
carrier group.
23. Communication base station apparatus comprising;

allocating means allocating some numbers of carriers



12 station to the nobile stations are synchronous w th each other for the
base station to transmt signals thereto at a tinme, therefore there being

no pro WEMIlmcendi ng channels fromthe nobiles stations to the
base s ﬂﬂum synchronous between the respective nobile stations,
the carriefs 'al locdted to the respective nobile stations are sent all at
once and can be synchronous, t heref oré%t here being no problem Further, in
order conpensate for an individual transm ssion delay anong the

respect i wontighidussly stsit ¢onsiew t froupspdot a trdurnade ceomirdisnga Lhacmkéd,
each of the nobile stations conducts tine alignnent for dj usting

transm sSiGdtinuagusly  imj & argiekemminad orkand | obn ofaﬁ‘?fdl‘fim%)n withng

anong t he re%pective nohi |l es stations, therefaore there being no problem

The mul t iXERTMad ARG RS diF anedardied £ 4RRP cdilviedd ot he

transmitting means for transmitting said allocated carriers,
and

demodulating means for demodulating continuous plural
carriers in a predetermined band in a received signal as carrier
groups respectively.
24. Transmitting and receiving method as claimed in claim 21
.wherein;

said plural]l carriers are orthogonal each other.
25. Communication subscriber apparatus as claimed in claim 22
wherein;

said piural carriers are orthogonal each other.
26, Communication base station apparatus as claimed in claim 23
wherein;

said plural carriers are orthogonal each other.
27. Transmitting and receiving method as claimed in claim 21
wherein;

said plural carriers contain at least one power reduced
carrier located between some carriér group and another carrier
group.
28. Communication subscriber apparatus as claimed in claim 22
wherein;

said plural carriers contain at least one power reduced



carrier nmodul.ati on..user signals as shown in FIGs. 9, 11. For exanple, FIG
' hows a case of allocation of a relatively wide frequency band. Fl G

10\Jﬂlﬂlﬁ"lﬁ1l alﬁ”lm allocation of a relatively narrow frequency band.
uency band to be allocated is narrow, it can be also

operated surtabTy for that limtation. For exanple, in a case shown in FIG
11, the transmission rate to be allocited to a single user can be nmade
especially wide so that there is no limtation with respect to maxi mum

transmi sstanrspeellotatedebeitw@enBesads @ alrte eGOFFANIpC AN RNETRM G rrier
al I ocati on nmet hod and 13 apparatus according to the present invention is
capabl e ogroup.
29. Communication base station apparatus as claimed in claim 23
. wherein;
said plural carriers contain at least one power reduced
carrier located between some carrier group and another carrier
group.
30. Transmitting and receiving method as claimed in claim 21
wherein; .
said numbers of allocating said carriers is varied in time
according to an informa@ion to be transferred.
31. Communication subscriber apparatus as claimed in claim 22
wherein;
'said numbers of allocating said carriers is varied in time
according to an information to be transferred.
32. Communication base station apparatus as claimed in claim 23
wherein;
said numbers of allocating said carriers is varied in time
according to an information to be transferred.
33. Trensmitting and receiving method as claimed in claim 21
wherein;
said predetermined band is a part of a maximum capacity of
the communication line, and the other signal is transferred on

a band of the other part of said communication line.

34. Communication subscriber apparatus as claimed in claim 22



separating the carriers between the respective users through a filter, it
‘can s erence fromthe other users sufficiently, thereby
rrakl nxﬂﬂmﬂm;mu“mm“‘prevent deterioration of S/N characteristics. The
nmber *of cuser st witi ch can be nultiplexed is not limted by an interference
fron1the ot her users, and can be freely determ ned depending on the band
wdth to be aIIocated, obtaining to igbs maxi num extent. By changing the

nunber of the carriers to be allocated to users, it is possible to change
transnisqrgﬂw;q;e or achieve a variable rate. Further, it is possible to
[

arbitrarily set the guard band by placing a carrler having 0 power. If the
OFDM is used lsnufﬂl|ﬂﬂe‘deft€érxfrd191redm%<ilh|datﬂso& he gyaadmBaifunscaphcnepded
between the carriers of different users, ereby making it possible to

rai se frefienoymmvai ¢ £t dn tymechametﬁ@pbdhEﬂusigmaI r aast pan®sf é predaonbe
utilized, the necessary processing can be small with a rapid processing.
Furt her, asystrindfindse a{loeatperrt o f fsaidcxammumidMion line.
35. Communication base station apparatus as claimed in claim 23
wherein;
said predetermined band is a part of a maximum capacity of

the communication line, and the other signal is transferred on

a band of the other part of said communication line.



Hz, 10M

- flexibil

be changed is determ ned depending on the band to be all ocat ed.

t he syst
narr ower
10M Hz,

Hz, 20M Hz or the |like can be operated individually with

ity. Further, there is no limtation in maximumbit rate which can
serve for users and how the maximnum bit rate which can serve for users can

emband is, it is possible tggrealize communication with a

band. That is, even if the systemband is allocated to 5M Hz or

comuni cation with a narrower band is possible, so that upper

conpatibility can be reapbhged cOMMBREEATION RPPARATUENVENti on can be
to machi nes and equi pnent in various fields. FIG 12 is a diagram

appl i ed
show ng

a case in which the present
ABSTRACT

In even code division multiple access method (CDMA)
considered to be suitable for radio transmission using mobile
stations such as a cellular phone or the like, at present it is
difficult to secure a strict orthogonal relationship; so that
received signals cannot be separated from each other completely,
thereby other mobile stations being an interfering source.
Further, if an application band width for use is defined, the
other band widths cannot be applied. The multi-carrier
modulation section places & plurality.of carriers continuously
within ‘a preliminarily allocated band and modulates the
individual carriers separately. An adder synthesizes a plurality
of the carriers modulated by the multi-carrier modulation

section. An antenna transmits a synthesized output from the

adder.

Figure 2

What ever

14



invention is applied to broadcasting equi pnment. The operation thereof is
"substantially the sanme as the above enbodi nents. FIG 13 is a di agram
showi ng a broadcasting receiver. This can be applied to TV broadcasti ng,
radi o broadcasting or the like and further to ground wave broadcasting and
satellite broadcasting. FIG 14 is a diagram showi ng a comuni cation

term nal apparatus. The present inveniypy can be applied to cellular phones
which will be substituted for conventional GSM PCS, PHS or the like. FIG
15 is a diagram showi ng an exanpl e of base station equi pment correspondi ng
to a nobile station such as a cellular phone or the Iike. Here, waves
transmtted froma plurality of the nobile stations are connected to
circuit network. FIG 16 is a diagram showi ng an exanple of a conputer
apparatus for accessing an internet or the |ike through optical fiber or
tel ephone line or the |ike. The present invention can be applied to
communi cations other than radio transmssion. FIG 17 is a di agram show ng
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exanpl e of a network server to be connected to internet or the |ike. FI G
18 shows a case of application of the present invention to internet shown
in FIGs. 16, 17. As the case of so- called asynmetric digital subscriber

| i ne (ADSL), ascending and descendi ng bands can be provided on a
conventional tel ephone band 15 by the BDVA system 16 what is clained
I's: 1. Conmunication resource allocatixfisret hod conprising steps of;
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all ocating plural carriers continuously in a predeterm ned band, and

“al l ocating some nunbers of said carriers continuously as a carrier group in
accordance with information to be transferred. 2. Comuni cation resource
al | ocati on apparatus conprising; allocating neans all ocating sone nunbers
of carriers continuously as a carrier group in a plural carriers allocated
continuously in a predeterm ned band 4y#iccordance with information to be
transferred. 3. Communication resource allocation nethod as clained in
claiml wherein; said plural carriers are orthogonal each other. 4.

Communi cation resource allocation apparatus as clained in claim2 wherein;
said plural carriers are orthogonal each other. 5. Comrunication resource
al l ocation nethod as clained in claim

32
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1 wherein; said plural carriers contain at |east one power reduced carrier
‘| ocat ed between sonme carrier group and another carrier group. 6.

Communi cation resource allocation apparatus as clained in claim2 wherein;
said plural carriers contain at |east one power reduced 17 carrier

| ocat ed between sone carrier group and another carrier group. 7.

Comruni cati on resource allocation netbpgsas claimed in claim1l mhereln
said nunbers of allocating said carriers is varied in tine
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according to an information to be transferred. 8. Comrunication resource
“allocation apparatus as clainmed in claim2 wherein; said nunbers of
allocating said carriers is varied in time according to an information to
be transferred. 9. Transmtting nethod conprising steps of; allocating
plural carriers continuously in a predeterm ned band, allocating sone
numbers of said carriers continuously/d$ a carrier group in accordance wth
information to be transferred, and transmtting said allocated carriers.

10. Transm tting apparatus conprising; allocating nmeans allocating sone
nunbers of carriers continuously as a carrier group in a plural carriers
all ocated continuously in a predeterm ned band in accordance with
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information to be transferred, and transmtting neans for transmtting said
allocated carriers. 11. Transmitting nmethod as clainmed in claim9 wherein;
said plural carriers are orthogonal each other. 18 12. Transmtting
apparatus as clainmed in claiml O wherein; said plural carriers are

ort hogonal each other. 13. Transmitting nmethod as clained in claim9
wherein; said plural carriers contain @&1%east one power reduced carrier

| ocat ed between sone carrier group and another carrier group. 14.
Transmitting apparatus as clained in claim10 wherein; said plural carriers
contain at | east one power reduced
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carrier |ocated between sone carrier group and another carrier group. 15.
Transmtting nmethod as clainmed in claim9 wherein; said nunbers of
allocating said carriers is varied in time according to an information to
be transferred. 16. Transm tting apparatus as clainmed in claim10 wherein;
sai d nunbers of allocating said carriers is varied in time according to an
information to be transferred. 17. Rec®y¥fng nethod conprising steps of;
denodul ati ng continuous plural carriers in a predeterm ned band in a
received signal as a carrier group. 18. Receiving apparatus conprising;
denodul ati ng neans for denodul ating continuous plural carriers in a
predeterm ned band in a received signal as a carrier group. 19. Receiving
nmet hod conprising steps of;
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denodul ati ng continuous plural orthogonal carriers in a 19 predeterm ned
band in a received signal as a carrier group. 20. Receiving apparatus
conpri sing; denodul ati ng neans for denodul ati ng conti nuous pl ural

orthogonal carriers in a predeterm ned band in a received signal as a
carrier group. 21 Transmitting and receiving nethod conprising steps of;
allocating plural carriers continuousBylbn a predeterm ned band, allocating
sonme nunbers of said carriers continuously as a carrier group in accordance
with information to be transferred, transmtting said allocated carriers,
and '
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denodul ati ng continuous plural carriers in a predetermned band in a
"received signal as a carrier group. 22. Conmunication subscriber apparatus
conprising; allocating neans allocating some nunbers of carriers
continuously as a carrier group in a plural carriers allocated continuously
in a predeterm ned band in accordance with information to be transferred,
transmitting means for transmitting s&/d5all ocated carriers, and
denodul ati ng nmeans for denodul ating continuous plural carriers in a
predeterm ned band in a received signal as a carrier group. 23.

Communi cati on base station apparatus conprising; allocating neans
all ocating sone nunbers of carriers
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.20 continuously as carrier groups in a plural carriers allocated
continuously in a predeterm ned band in accordance with information to be
transferred respectively, transmtting neans for transmtting said

al l ocated carriers, and denodul ati ng nmeans for denodul ati ng conti nuous
plural carriers in a predeterm ned band in a received signal as carrier
groups respectively. 24. Transmttind0aidd recei ving method as clained in
claim 21 wherein; said plural carriers are orthogonal each other. 25.
Communi cat i on subscri ber apparatus as clained in claim22 wherein; said
plural carriers are orthogonal each other
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26. Communi cati on base station apparatus as clainmed in claim23 wherein;
said plural carriers are orthogonal each other. 27. Transmtting and
receiving method as clained in claim2l1 wherein; said plural carriers
contain at | east one power reduced carrier |ocated between sonme carrier
group and another carrier group. 28. Comruni cation subscri ber apparatus as
claimed in claim 22 wherein; said pladgliscarriers contain at | east one

power reduced 21 carrier |ocated between sone carrier group and anot her
carrier
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group. 29. Conmmuni cation base station apparatus as clainmed in claim23
wherein; said plural carriers contain at | east one power reduced carrier
| ocat ed between sone carrier group and another carrier group. 30.
Transmitting and receiving nmethod as clained in claim21 wherein; said
nunbers of allocating said carriers is varied in tinme according to an
information to be transferred. 31. Commgumpcation subscriber apparatus as
claimed in claim22 wherein; said nunbers of allocating said carriers is
varied in time according to an information to be transferred. 32.

Communi cation base station apparatus as clained in claim23 wherein;
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sai d nunbers of allocating said carriers is varied in time according to an
‘information to be transferred. 33. Transmitting and receiving nethod as
claimed in claim?21l wherein; said predeterm ned band is a part of a maxi nmum
capacity of the communication line, and the other signal is transferred on
a band of the other part of said communication |ine. 34. Comunication
subscri ber apparatus as clained in clb3/M22 22 wherein; said
predeterm ned band is a part of a maxi num capacity of the conmmunication

line, and the other signal is transferred on a band of the other part of
sai d communi cation |ine.
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35. Communi cation base station apparatus as clainmed in claim23 wherein;
‘'sai d predetermined band is a part of a maxinmum capacity of the

comuni cation |ine, and the other signal is transferred on a band of the
ot her part of said comrunication |ine.
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