28 FEBRUARY 2006. FP02-0191-00 DESCRI PTI ON RADI O TRANSM SSI ON SYSTEM AND
METHOD, AND TRANSM TTER APPARATUS AND RECEl VER APPARATUS2YEEBRIARMEMRADI O
TRANSM SSI ON SYSTEM 5 Techni cal Field The present invention rel aFreszt0181-00
radio transm ssion system and nethod and, nore particularly, to a radio
transm ssion system and nethod configured to vary spreading factors for
informati on synbol sequences 10 according to cell environnents or
propagation environnents, using the orthogonal frequency and code division
mul ti pl exi ng scheme. The present iDRSEIRIIT@A SO relates to transmtter
apparatus used in such a radio transmssion system 15 The present invention
further reRabgs tTRANESIE] YSICONAFETHMISANSEWHTHCIUChARDr arRANSM EITER SSi on
system Background Art The W (W deband)- CDVA (Code Division Miltiple
Access) sysPpRrRMA@gsadaRbDedrRESEAVERII BPRBRBTTSSCUSHE | IN 20HL herAdig d
generation nobile tel ecomunication (I M 2000: International Mbbile
Tel ecomunTrakERms2008) syatEM it was clarified by experinent that it was
feasible to inplenment high-quality 2Mops transm ssion of |ess than average
BER % 10- 6 Técthecs]l Mzehand by neans of this 25 WCDMVA radio interface.
Wth recent” progréess 1n broadbandi zati on of 1 28 FEBRUARY 2006

The present 1invention relates to a radio

transmission system and method and, more particularly,
to a radio transmission system and method configured to
vary spreading factors for information symbol sequences
10 according to cell environments or propagation
environments, using the orthogonal frequency and code
division multiplexing scheme.
The present invention also relates to transmitter
apparatus used in such a radio transmission system.
15 The present invention further relates to receiver
apparatus used in such a radio transmission system.

Background Art

The W (Wideband)—CDMA (Code Division Multiple
BAccess) system was adopted as a radioc access scheme in
20 the third generation mobile telecommunication (IMT-
2000: International Mobile Telecommunication 2000), and
it was clarified by experiment that it was feasible to
implement high-quality 2Mbps transmission of less than
average BER = 107° in the 5 MHz band by means of this
25 W-CDMA radio interface.

With recent ©progress in Dbroadbandization of



FP02-0191-00 Internet services through wired networks, it is, however,
considered that it is also necessary to realize high-speed nobile Internet
access in cellular environnents of nobile tel ecomuni catf FEBREARY2006e 5
data traffic is expected to increase because of downl oadi ng of wpmges; andpo
| arge-volune files fromWb sites and various databases, particularly,

t hrough downlinks by which data is transmtted fromradi o base stations
and received at nobile stations, the essential 10 is packet transm ssion
suitable for up-down asymetric comunication and burst transm ssion. Under

such circunpigdesss Pseposats havechesen adey omdBiRkkgh BatajRRgte)
speci alized for data comunication on the basis of the |1 S-95 radio

interface Lfpwdkreal tghooddial- spegd paekeistranssi sgkeedsakrihe tomaxi num
information transm ssion rate of 2.4 Mps in the 1.25 MHz band, and 3GPP

(3rd Gener atdom Par highsBpBedPrRjiectd ahsermetkedcerd hensehanmiafl expandi ng
the W CDVA radio interface to realize high-speed packet 20 transm ssion at

the maxi munad-pf5ARdh 08 brangpSid OfelbabRmohi2BRAGXisTAt e ynd® Mpps in the 5
MHz band (HSPDA: Hi gh Speed Down Link Packet Access) . These schenes

utild ze theister cattgedradapikvecpddiald ondo deivaekd aéd onpetgghrol 0gy of
changi ng nodul ati on/ denodul ati on net hods 25 accordi ng to channel conditions,

by whi ch i tgdigcs®sing easi hiadled |40k eTBRy-0b0UMBL ifN 4 aPSERSHBN rates 2
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sites and various databases, particularly, through
downlinks by which data is transmitted from radio base
stations and received at mobile stations, the essential
10 is packet transmission suitable for up-down asymmetric
communication and burst transmission.

Under such circumstances, proposals have been
made on HDR (High Data Rate) specialized for data
communication on the basis of the IS-95 radic interface

15 and realizing high-speed packet transmission at the
maximum information transmission rate of 2.4 Mbps in
the 1.25 MHz band, and 3GPP (3" Generation Partnership
Project) also worked on the scheme of expanding the W-
CDMA radio interface to 1realize high-speed packet

20 transmission at the maximum information transmission
rate of approximately 10 Mbps in the 5 MHz band (HSPDA:
High Speed Down Link Packet Access). These schemes
utilize the so-called adaptive modulation/demodulation
technology of changing modulation/demodulation methods

25 according to channél conditions, by which it becomes

feasible to implement Iinformation transmission rates



over 2 Mops in good channel condition. D sclosure of Inv | or t

next - generation nobile tel ecommuni cations (the fourth ggﬂgtggﬂgﬁﬁXJQSﬁe

t el econmuni cations) after 5 I MI-2000, it is necessary to substantﬁgﬁf
cellular systens that permt w de comruni cati on coverage at nuch g?ﬂe?l 00
information transm ssion rates (throughput), 1i.e., specifically, the

maxi mum t hr oughput of 100 Mops or higher for downlinks and the maxi num

t hroughput of 10 20 Mops or higher for uplinks in consideration of the
asymmetry of ‘(L)%afngm | inks,of data_ traffic.in the current cellular
systens. Ho/® Dabhed° BAsed2BRe L B EF5A8Rent i oned expansi on of
existing radio interfaces (HDR and HSPDA) have their limts to 15 increase
in the informdmsdiransi esventiates and it is hard to realize the maxi num
information transm ssion rate of about 100 Mops. For exarrpl e, supposing the
radi o bandw dth of__5 NHz allocated to
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higher information transmission rates (throughput),

i.e., specifically, the maximum throughput of 100 Mbps
or higher for downlinks and the maximum throughput of
10 20 Mbps or higher for uplinks in consideration of the
asymmetry of up and down links of data traffic in the
current cellular systems. However, approaches based on
the aforementicned expansion of existing radio
interfaces (BDR and HSPDA) have their limits to
15 increase 1n the information transmission rates and it
is hard to realize the maximum information transmission
rate of about 100 Mbps. For example, supposing the
radio bandwidth of 5‘MHz allocated to W-CDMA (DS-CDMA
base) 1is broadbandized to approximately 50-100 MHz, the
20 broadbandization, i.e., higher chip rates will permit
improvement in resclution of paths and result in
separation into an extremely large number of paths in a
small signal power per path. Therefore, this will
cause Iincrease of Multi-path Interference (MPI) and

25 degradation of channel estimation accuracy, so as to



the required reception quality at the required information transm ssion
rates and decreasing |ink 5 capacity. Accordingly, the r38iREBRUARY 260kenes
based on DS-CDVA are not .suitable for high-speed and | arge- Cap?ﬁbEYoE@ﬁK%b
transm ssion in the broadband of 50-100 Miz. The orthogonal frequency
division multiplexing 10 (OFDM schenme used in digital terrestrial
broadcasting, wireless LAN, and others, can decrease the influence of M

in such a'way that the synbol period of each sub- carrier is set adequately
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the bandwi djp of 50-100, bz qu Juiigher.. JuL I he CFDM, howevsry oo ghannel

i nterferenc es n W use or a common carrier requencty 1i'n 25
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capacity packet transmission in the broadband of 50-100
MHz.
The orthogonal frequency division multiplexing
10 (OFDM) scheme used in digital terrestrial broadcasting,
wireless LAN, and others, can decrease the influence of
MPI in such a way that the symbol period of each sub-
carrier is set adequately long within the range where
it is sufficiently smaller than delay times of multiple
15 paths, i.e., the symbol rate 1is lowered and that a
guard interval is inserted into each symbol.
Therefore, in comparison with the aforementioned radio
access scheme using DS~CDMA, OFDM is able to keep down
the degradation of characteristics due to MPI in
20 connection with the broadbandization and 1is thus
suitable for high-speed signal transmission in the
bandwidth of 50-100 MHz or higher.
In the OFDM, however, co-channel interference
does not allow use of a common carrier Ifrequency in

25 adjacent cells and frequency reuse of cells is

necessary. In the OFDM system, therefore, a Irequency



decreases efficiency of utilization of frequency. This

requi res sophisticated Dynam ¢ Channel Allocation (D%)Szgf%%ﬁ%‘ggbp%n of
the frequency reuse of one cell and control becones very conplicated...l
addition, the cell frequency reuse is essential for comon cont&gﬂﬁ%T%ﬁ#kﬂ%P

such as broadcast channels, 10 pagi ng channels, etc., which are constantly
transmtted to comrunicating users in cells. On the other hand, in the case
of OFCDM- (Ot hogonal Frequency and Code Division Miltiplexing) based on

i on, of read on
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of one cell and control becomes very complicated. In
addition, the cell frequency reuse 1is essential for
common control channels such as broadcast channels,
10 paging channels, etc., which are constantly transmitted
to communicating users in cells.
On the c¢ther hand, in the case of OFCDM
{Orthogonal Freqguency and Code Division Multiplexing)
based on multi-carrier CDMA for multi-carrier
15 transmission of signals spread on the frequency axis,
the lower symbcl rate is achieved using a number of
sub-carriers, so that the influence of MPI is reduced.
For this reason, it can implement larger capacity than
the radic access schemes based on DS-CDMA, as is
20 reported in Document 1 [S. Abeta, et al., IEEE VTC2000-
Spring, pp.1918-1922} and Document 2 [Hiroyuki
Atarashi, Sadayuki Abeta, and Mamoru Sawahashi, IEICE
Technical Reports RCS-2000-136, Octoker 20007 .
However, this OFCDM permitted increase 1in system

25 capacity in the case of multi-cell systems 1like

cellular systems, as compared with CFDM, but had the



wirel ess LAN and office environnents, as conpared with OFDM invol ving no
spreading. A first object of the present invention is thu28 FEBRUARYI®08
radi o transm ssion systemconfigured to vary spreading factors fg@z_ 91-00
transmtted information through use of OFCDM and t hereby enabl e roagéand
packet transm ssion in wide cell coverage. A second object of the present
invention is to provide transmtter apparatus used in such a radio

transm ssi'on system A third object of the present invention is to provide

receiver appargius Ysed i hesyugh %%@dkgaﬁb%a.”&m §:ﬂa@@m%}€%t q@agéféof adi o

transm ssi on systemaccording to t resent inventronis ar

ransi ssi opsYSLEM conhair edsko oen e Ancastan ol spadias! ransy ssion of

i nfornmati on tfween a transmtter and a receiver, ormthe radio

transm ssi o pf 1 0L Ok BB 10/ qﬁﬂf‘lg:@nem?{fr%}?rgﬁq@é fg@%%psr%fadi qde division

mul ti pl exing transm ssion schene of para y transmtting enti cal

infornationopMMaiﬂbgigkhﬁgnggfaggéaqﬁriers, wherein the transmtter

conprises converting nea pargrlelly converting channel - coded

infoemation in  agcer C j 1.t t i X d 6 28
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8?; Z'C't fl)inzggo Z%?%?)ézi(ﬁ Raatggl?g‘%?tt%ﬁsﬂiséiéﬁe% dbheethepgand, a tine
vary spreading factors for transmitted information
through wuse o¢f OFCDM and thereby enable broadband
packet transmission in wide cell coverage.

10 2 second object of the present invention is to
provide transmitter apparatus used in such a radio
transmission system.

A third object of the present invention is to
provide receliver apparatus used in such a radio

15 transmission system.

A radio transmission system according -to the
present invention 1is a radio transmission system
configured to, on the occasion of radio transmission of
information between a transmitter and a receiver,

20 perform the radio transmission of information using an
orthogonal frequency and code division multiplexing
transmission scheme of parallelly transmitting
identical infecrmation by a plurality of sub-carriers,
wherein the transmitter comprises converting means for

25 parallelly converting channel-coded information in

accordance with symbols transmitted simultaneously; and



sequence of a spreading factor determ ned based on a 5 plurality of
changeabl e spreading factors. This radi o transm ssion syé@%ﬁE@BﬁéﬁﬁY#ﬁﬂ@ to
act as an OFCDM or OFDM system by changing the radio paraneter r@lhothegsi-go
transmitter's and receiver's spreading factor in the sane radi o access
schenme. For this 10 reason, it becones feasible to provide flexible use of
the two schenes of OFCDM and OFDM and to provide a radio access schene
capable of realizing |large capacity wth high frequency utilization

efficiency ghhezaumer mfanGomMmpycat g diseisy capabl es@fudketi ngothe
required 15 reception quality per cell), independent of Cell configurations

and propagabheR1eRviizETessbol s tike é@d!lcéatsf@ngmesséf)naSY§f§cﬁ'ﬁ@If1c%rhe
present invention, the spreading neans is preferably configured o]

spreadi ng aqseauencs ofnfaral kehiezedi sypbobs Wy bgt hs2@eddhihgauensy _
direction and a tinme direction by a spreading code sequence of a spreading

factor detgeruBadcbasedaonadddind) | F¥cobr Chageabite $Pp838ENGN factors. In
the radi o transm ssion systémof the present 25 invention, the transmtter

i s peef erabbyueanfitguoed ch@ngeeMlel $®r@30RAd NG 3¢t or determ ning means
for 7 28 FEBRUARY 2006 FP02-0191-00 obtai ning a propagation environnent

indicating a conghlikoRa@fiocatpPaaRAGREIQR RISt Heivmehd headd asmdeter and
the receiver and determ ning the spreading factor according to the
propagati onagnvaronpedtM or OFDM system by changing the radio
parameter of the transmitter's and receiver's spreading
factor in the same radio access scheme. For this
10 reason, it kecomes feasible to provide flexible use of
the two schemes of OFCDM and OFDM and to provide a
radio access scheme capable of realizing large capacity
with high frequency utilization efficiency {the number
of communicating users capabkle of meeting the required
15 reception quality per <cell), independent of cell
configurations and propagation environments.

In the radio transmission system of the present
invention, the spreading means is preferably configured
to spreading a sequence of parallelized symbols in both

20 a frequency direction and a time direction by a
spreading code sequence of a spreading factor
determined based on a plurality of changeable spreading
factors.

In the radio transmission system of the present

25 invention, the transmitter is preferably configured to

comprise a spreading factor determining means for



5 1n the radio transm ssion systemof this configuration,_ the ro agation
envi ronnent, which indicates the condition of the propag Hdween
the transmitter and the receiver, is first obtained and the spreadln

factor is then varied according to the 10 propagation environmentt? r90191 00

exanple, the variation of the spreading factor is carried out in such a way
that the spreading factor is set at a value not less than 1 for a
propagation environment preferring operation in OFCDM or that the spreading
factor is se 1 for a 15 propagation environment preferring operation in
OFDM  As aq&’é{‘lﬂ”tlngt he?r adfi* P T5si BRVAFSTBATST A Gtedht Rnvention
permts selectlo% (ch%ggeover of the access schene % CDNIschene or OFDM
schene) sui 4B QQﬁ+Qﬁnﬁ?E%n%htwe?@ thet heepaBibeer

transm ssi on stemof the resent .25 inyention, the spr d|n factor

det er mi ni ng ne? ?sreEFéVﬁg cgﬁﬁ?ﬁﬂtﬁﬂngot ﬁtéﬁ?%ﬁ%ﬁﬂ &pFead

i ndicating a propa tion a ro ert and use the del ay spread as the
foregoing p quﬁ%%ﬁt c%?%tt?nm?% the multi-carrier
schenes I|ke O:CDM and OFDM t he dela read indicating del ays of 8 28
FEBROARY 2006 FP02T019%:80 miti%at ﬁgaﬁawgéﬁ;}oaffemt%e t?éhav?%%sof
frequency selective fading tﬁﬁthe band, so as to affect the rece tion

characterlSFP@§IQEFqE%QE;th adifF OR3P R si GRVLFSPBIRNGF t hERABBve

configuratiqgn, .t
g Q dlcates the condition of the propagation path between

the transmitter and the receiver, 1is first obtained and
the spreading factor is then varied according to the

10 propagation environment. For example, the variation of
the spreading facter is carried ocut in such a way that
the spreading factor is set at a value not less than 1
for a propagation envircnment preferring operation in
QOFCDM or that the spreading factor is set at 1 for a

15 propagation environment preferring operation in OFDM.
As a result, the radic transmission system of the
present invention permits selection (changeover) of the
access scheme (OFCDM scheme or CFDM scheme) suitable
for a propagation envircnment.

20 In the radio transmission system of the present
invention, the spreading factor determining means is
preferably configured to obtain a delay spread
indicating & propagation delay property and use the
delay spread as the foregoing propagation environment.

25 Particularly, in the multi-carrier schemes like

OFCDM and OFDM, the delay spread indicating delays of



5 however,

feasible to realize the OFCDM schene capabl e

f tivel
setting the spreading factor according to the delay sprégaﬁilﬁgégﬂagﬁwion
pat hs which can affect the reception characteristics. In the ragEB _ 00
transm ssion systemof the present 10 invention, the transmtte Ve84

preferably

configured to conprise second spreading factor determning

nmeans for determning the first spreading factor on the basis of a command
fromoutside. The radio transm ssion systemof this 15 configuration is
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the delay spread of propagation paths which can affect
the reception characteristics.

In the radio transmission system of the present
invention, the transmitter is also preferably
configured to comprise seccnd spreading factor
determining means for determining the first spreading
factor on the basis of a command frcom outside.

The radio transmission system of this
configuration is able to provide the spreading factor
fo be set at the transmitter, according to contents of
control information included in a control signal from
outside, e.g., from the receiver (e.g., a mobile
station) or a network.

In the radioc transmission system of the present
invention, the second spreading factor determining
means 1s preferably configured to determine-the first
spreading factor according to either information
indicating a cell configuration or information
designating a spreading factor, included in control

information representing the command from outside.



5 Since the nobile station determ nes the spreading factor to be set at the
transnitter, based on a propagation situation of a dow$ FEBRUARY204¢
profile), and notifies the information designating the spreading factor, to
the transnitter by the control 10 information, it is feasible to P4 dthil-00
adaptive control of the spreading factor of OFCOMin the downlink. In the
radi o transm ssion systemof the present invention, control information
sent froma network station includes information indicating a cell 15
environment. This inforpation on the cell environment includes information
for letting the trdhsnfPBer THHER at & TR SBIFFION ceFVSERT r ohbrentPd& cel | ul ar
environnent) or_information for letting the transmtter operate in a

si ngl e- cel | SORA Y BHAEMOYa Gpﬁseﬁo%Eé‘Eg 20 formatorfifenfePitk el ¥6 M elF88s LAN or
the like). 25 Accordingly, because the spreading factor can be varied based
on the cel | Gl o, Ji-tr | $TPBashbI®RLle Flexien t dneddsse the adaptive
control of the spreading factaor of OFCDMin _the dowlink. In the radio
transni ssi or TSRS G t hECHr e SEARLINRAVERL | FRe t hEPFeReIVEr f3ChPEferably
configured to 10 28 FEBRUARY 2006 FP02-0191-00, conpri se spreading factor
cont ol rec&iWiGRy rgdhs TR11epiiatity CPeRENVBESSI §R&I SPTERELREcei ver,

into at |east one of sub-carriers and tinme-axial synbols and integrating

coherently &29tdst Shebsr $&F- catri & afgansmitter, based on a

propagation situation of a downlink (the delay
profile}, and notifies the information designating the
spreading factor, to the transmitter by the control

10 information, it is feasible to perform adaptive control
of the spreading factor of OFCDM in the downlink.

In the radio transmission system of the present
invention, contrel information sent from a network
station includes information indicating a cell

15 environment. This information on the cell environment
includes information for letting the transmitter
operate in a nmulti-cell environment (a cellular
environment) or information for letting the transmitter
operate in a single-cell environment (a closed space

20 environment like wireless LAN or thé like).
Accordingly, because the spreading factor can be varied
based on the cell information, it 1is feasible as a
restlt to realize the adaptive control of the spreading
factor of OFCDM in the downlink.

25 In the radio transmission system of the present

invention, the receiver is preferably configured to

10



5 tinme-axial synbols the nunber of which is equivalent to 10 the first
spreadi ng factor determ ned based on the plurality of ch@n@%ﬁ&%%}iﬂ@ﬁ@i ng
factors, using a channel estimation value and a specific spreadipgpod€1-00
sequence. In the radio transm ssion systemof this configuration, the

recei ver despreads in phase at |east one of the sub-carriers and the

ti me-axial synbols the nunber of which is equivalent to the spreading
factor designated, using the channel estimation value and the 15 specific

spreadi ng coge,Sequeaseeasionds fA-18 abbgtlel aperate i LECPM g 0perate’in
OFDM I n the radio transm ssion systemof the present 7 nvention, the

receiver i Ss&é@f@fﬁ%YaCQ@deﬁblf&Q $ Ogn £OMREI S8 SPF &3 "k f aghep qantrol
receiving means for 20 separating a received signal at the receiver, into

both sub-cpgsier snand, i BRparagh i SHEDOL S ARA menhRARAL | HFupsPHerR Rt | y both
sub-carriers and tine-axial synbols the nunber of which is equivalent to

the first spreadingindactoirdgteyminedehagedngnorheyuplutakiiky sofanchangeabl e
25 spreading factors, using a channel estinmation value and a specific

spreadi ng codg. SeaUeNCeymidi £8t FEBRUEYy 2896,nFPR219134199ahBnkhe g adi o
transm ssion system of the present invention, the spreading factor control
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plurality of changeable spreading factors, using a
channel estimation value and a specific spreading code
sequence.

10 In the radio transmission system of this
configuration, the receiver despreads in phase at least
one of the sub-carriers and the time-~axial symbols the
number of which is equivalent to the spreading factor
designated, using the channel estimation value and the

15 specific spreading code sequence, soc as to be able to
operate in OFCDM or operate in OFDM.

In the radic transmission system of the present
invention, the receiver 1is preferably configured to
comprise spreading factor control receiving means for

20 separating a received signal at the receiver, into both
sub-carriers and time-axial symkols and integrating
cocherently both sub-carriers and time-axial symbols the
number of which 1is equivalent to the first spreading
factor determined based on the plurality of changeable

25 spreading factors, using a channel estimation value and

a specific spreading code seguence.

11



5 on the basis of control information included in a control signal sent
fromthe transmtter as a comunicating correspondent. R#& HERRVARY2006
transm ssion systemof this configuration, the receiver is ablegbtgzcontiobg
the 10 spreading factor on the basis of the control information notified by
the transmtter as a comrunicating correspondent. In the radio transm ssion
system of the present invention, the spreading factor determ ning neans is
15 preferably configured to determ ne the spreading factor according to

ei ther informatiofni ReieCatddith at68hkmicQNbhIW AN QF ithfeormadd o
designating a spreading factor, included in the control signal fromthe

transmtteringdntichhetradsprbhaRpy FoRBrSYRPAl dAdisivicppfndiation, the
recei ver changes the spreading factor on the basis of the system

i nfor mati on; gobi-kicgd 2y, tdieh 1 GRBEHT R ,cfndh 3 s@NshReabasiss ofctde

information indicating the cell environnent 'or the 25 information

desi gnat i ngy& Aeraph €adl RGahaCtRYr ddte ALy WRREE sHhe aldifnQy Ndd@ny noti fied
by the 12 28 FEBRUARY 2006 FP02-0191-00 transmtter is information

indigating éncelle @udirOnEENt cbRtklns ¢AsErmakR6e (Dgcihapgm ifers (e.g., a
base station) manages the systeminformation, it notifies 5 nobile
stations ofc&gtioBNVigiQmaant E8HEr MtdBN aghkhe transmitter as a
communicating correspondent.
In the radio transmission system of this
configuration, the receiver 1is able to contrcl the

10 spreading factor on the basis o©f the <control
information notified by the transmitter as a
communicating correspecndent.

In the radio transmission system of the present
invention, the spreading factor determining means is

15 preferably configured to determine the spreading factor
according to either information indicating a cell
configuration or information designating a spreading
factor, included 1in the contrecl signal from the
transmitter.

20 In the radioc transmission system of this
configuration, the receiver changes the spreading
factor on the basis of the system information notified
by the transmitter, e.g., on the basis of the
information indicating the cell environment or the

25 information designating the spreading factor.

(1) A case where the information notified by the

12



control information according to a cellular system of i or an
isolated cell (e.g., an indoor office environnent), son?%gbglﬁéﬁﬁé)bfqoé
stations set the spreading factors suitable for their respective 10 cel
environments. (2) A case where the information notified by the €F&dsHli%lerCO
is information designating a spreading factor In this case, the transmtter
notifies nobile 15 stations of the information designating the spreading
factor determ ned according to propagation conditions of uplinks (delay
profiles or the like) at the transmtter, as the control information, and
the nobile tWeasmgideset the spitBAarRgtiast or $n$UiddbING f or2 t heced
propagation environments. The above schenmes (1) and (2) enable a device

equi pped w ERVGHEEII0 i nterface to be connected in a seanl ess manner
between different cell environments. As a result, it becones feasible to
provi de hi gh- speed™2%higf Gafdri GinGans ssiarwerigee(ander @i Peéeent cel
environments for users and thus greatly enhance user's 13 28 FEBRUARY 2006
FP0O2- 0191- 06 t@drveni eneeaded rtdf oSYFAREM Wi omakitivd ddcordbh§ies the

present invention is a radio transm ssion nmethod configured to, on the
occasi on of Mo&dile tStaifsinssioh 6fll5epNLsPREENSN WhoMET on ramsketer and a

receiver, performthe radio transm ssion of information using an
control information according to a cellular system of

multiple cells, or an isolated cell (e.g., an indoor

office environment), so that the mobile stations set

the spreading factors suitable for <theilr respective
10 cell environments.

(2) A case where the information notified by the
transmitter 1is information designating a spreading
factor

In this case, the transmitter notifies mobile

15 stations of the infermation designating the spreading
factor determined according to propagation conditions
of uplinks (delay profiles or the 1like) at the
transmitter, as the control information, and the mcbile
stations set the spreading factors suitable for the

20 propagation environments.

The above schemes (1) and (2) enable a device
equipped with one radic interface to be connected in a
seamless manner between different cell environments.
As a result, it becomes feasible to provide high-speed

25 information transmission service under different cell

environments for users and thus greatly enhance user's

13



ort hogonal frequency and code division nmultiplexing tr ]SSl schene of
parallelly transmtting identical information by a p|u?§fF#§§EﬁGTY2006

sub-carriers, 10 wherein converting neans of the transmitter co 5?9%f§1 00
step of parallelly converting channel -coded information accord?ﬁ% 0 -
synbols transmtted simultaneously, and wherein spreading neans of the
transmtter conprises a step of spreading a sequence of parallelized
synbols in 15 at |east one of a frequency direction and a tine direction, by
a spreadi ng _code_sequence of a preading factor determ ned based on a
plurality oFOBﬁﬁﬁdggﬁﬁe spreading factors. In the radio transm ssion nmethod

of the present 2 ing Qtio F ggeferably, sgée ding neans of _t he
transnitter conprise§ gteg o =8praatirng™s 8aueﬁ §°5F10gar &PI eFRGed
synbols in bogh a fre ueg§¥ direction and ,.a tigre direction Q% §$s$reading
code sequenB&®§FTY §%W‘ 40 f act or @ def 8FtPned 1SS T F pl BEERPEY of 25
changeabl e sgrgadin% f%ctors. é% t he radioﬁ%éans ] Ssj on net hod of %he
present 14 S8"FEBRORRY 90087FAGS. GISEDCT Remid braterhbPyorteT st
spregding fgc%or ge%ernkniag means qf the.transnitt%r co risgsea step of
obt aPni ng a*BFBpRGELLEn BMIFSAme iMAERIHER ThdiTi on°BF &bt opagat i on
channel bet vveeg 'g:he ilret ran .ng tter and the re%eii\éﬁ?r%%%}%et e&sn_”{rpi ngnt he
spr eadi ng f BEF 6P TRc i %()%?QP%Wb%%b%Pi8 I it ¢
orthogeonal frequency and code division multiplexing
transmission scheme of parallelly transmitting
identical information by a plurality of sub-carriers,
10 wherein converting means of the transmitter comprises a
step of parallelly converting channel-coded information
according to symbols transmitted simultanecusly, and
wherein spreading means of the transmitter comprises a
step of spreading a sequence of parallelized symbols in
15 at least one o¢f a £frequency direction and a time
direction by a spreading code sequence of a preading
factor determined based on a plurality of changeable
spreading factors.
In the radio transmission method of the present
20 invention, preferably, spreading means of the
transmitter comprises a step of spreading a sequence of
parallelized symbols in both a frequency direction and
a time direction by a spreading code sequence of a
spreading factor determined based on a plurality of

25 changeable spreading factors.

In the radio transmission method of the present

14



In the radio transm ssion nethod of the present inventi '
spreading factor determning neans 10 is preferably cor%?iqgiuérlggARyg‘%qﬁai n a

del ay spread indicating a propagation delay property and use the _dela
spread as the foregoing propagation environnent. In the radio tr%%%é%?%ﬁoo
met hod of the present invention, preferably, second spreading factor 15
determ ning neans of the transmtter conprises a step of determning the
spreading factor on the basis of a conmmand fromoutside. In the radio .
transm ssi on, net hod of the present. invention, the second spreadi nq:fact or
det er mi ni ng 12EHEEPR i s FEEEETANNY conf fgtFéd t FRIGT MPe t ke HTeadi ng
factor according top either inforpatjon. indicating a cel|l configuration or

i nf or mati on CHeSTHhRAtPAgTE28Sr ééﬂ?ﬁﬁef SERHSTLESER U FEIFR It S9Nt RolSTeP
information representing the command fromoutside. 25 In the radio

transni ssi or? hetHhd@ 1 e EprRERREIEF HOBNtF OV T DFBFRE abiRAL v i iy f act or
control 15 28 FEBRUARY 2006 FP02-0191-00 recejving_neans of the receiver
conpri ses a SXRPLBIOD sefdr atF ng PXIRAEE AT si GRAPNEL t REF &R verthS nto at

| east_ one of sub-carriers and tinme-axial, synbols and _int eﬁr_ati n% coherently
at | east onetTAPYNHEESF ri dRE andes thiSREIBERI AHbofeteRBiRdRBer “6€ which is

equi valent to 1%%q§he sprfadi ng factor determ ned based on the plurality of
changeabl e SPTESRFTRY f actdr&0F usi AGSArehBAnel to the  propagation

environment.
In the radiq transmission method of the present
invention, the first spreading factor determining means
10 is preferably configured to obtain a delay spread
indicating a propagation delay property and use the
delay spread as the foregoing propagation environment.
In the radic transmission method of the present
invention, preferably, second spreading factor
15 determining means of the transmitter comprises a step
of determining the spreading factor on the basis of a
command from outside.
In the radio ftransmission method of the present
invention, the second spreading factor determining
20 means 1s preferably configured to determine the
spreading factor according to either information
indicating a cell configuration or infcrmation
designating a spreading factor, included 1n control
information representing the command from cutside.
25 In the radio transmission methced ¢f the present

invention, preferably, spreading factor control

15



estimation value and a specific spreading code sequence. In the radio
transm ssion nethod of the present invention, preferablQ?Fgﬂﬂyadﬁﬁ©2mhbtor
control receiving neans of the receiver conprises a step of seppgalLphRgiagp
receive signal received at the receiver, into both sub-carriers and
time-axial synbols and 15 integrating coherently both sub-carriers and

ti me-axial synbols the nunber of which is equivalent to the spreading
factor determ ned based on the plurality of changeabl e spreading factors,

using a chappeliyeali M RN ¥al ue.énd.a2-3Re¢i fiomspLeadi ng cedg 2P
sequence. In the radio transm ssion nethod of the present invention,

preferably, sspreading hactie QRILT 81 BhAY ¥BaNR Ofc£BEvEPR! eadiRg f@ctor
control receiving nmeans conprises a step of determ ning the spreading

factor on 2b.tbe basi Soof se@niLe) jidHor a8l enrdighuded koqaoeantygl  signal
sent fromthe transmtter as a comuni cating 16 28 FEBRUARY 2006

FP02- 0191- 00 05 F£8PRRAERNerehB1 NG M 2dLA +T HARS WS S JHBiMed Ofadie present
invention, the Spreading factor determning nmeans is preferably configured

to determ neihbesspheadiAgoi8CtRAE nBmBeeOLG BB i1kH Qid hepivifiamatdon
indicating a cell configuration or information designating a spreading
factor, inciydedpiBabiifgCeRERRr HBIMIHAMEdNEedt hANEREL tBRrality

of changeable spreading factors, using a channel

estimation wvalue and a specific spreading code

sequence.
10 In the radio transmission method of the present
invention, preferably, spreading factor control

receiving means of the receiver comprises a step of
separating a receive signal received at the receiver,
into both sub-carriers and time-axial symbols and
15 integrating coherently both sub-carriers and time-axial
symbols the number of which 1s equivalent to the
spreading factor determined based on the plurality of
changeable spreading factors, using a channel
estimation wvalue and a specific spreading code
20 Seguence,

In the radio transmission method of the present
invention, preferably, spreading factor determining
means of the spreading factor control receiving means
comprises a step of determining the spreading factoer on

25 the basis of control information included in a control

signal sent from the transmitter as a communicating

16



A transmtter apparatus according to the present 10 invention is
transmtter apparatus configured to performradio transrﬁss§$ER%RY 2006
information together with a receiver apparatus, using an orthogsnal

frequency and code division nultiplexing transm ssion schene of paréllel?y
transmtting identical information by a 15 plurality of sub-carriers, the
transmtter apparatus conprising converting neans for parallelly converting
channel - coded i nformati on according to synbols transmtted simultaneously,
and spreadi g, §§$n +_spreading a sequence of parallelized synmbols in ‘at
20 |l east one o requency direction and a tine direction by a spreading

code sequence of g Spreadia Jf act ofen el ebit RednBASGE OBya BLUALY of

changeabl e spreadi actors. ansm tter apparat us”of the pr esent

sequence of BEarTaH 265y ths 551%3 both eé’ﬂfagégﬁéﬁ%ﬁﬁﬁbgg‘&%g‘@%o? 0191 00 5
a frequencgaoxd%%efﬁ%ggerm nﬁ%a%g& ghrestloniby 2,sPesadbag codecigquence of a

spreadlng ased on a plurali abl'e spreadi ng

factr s CP:T%VE%“@# apPA; 8L US| gto%?t%ﬁsegﬁdltﬁﬁﬂﬁ' o '%eﬁl heferabl y

conflgured to conprise first "spreading factor deferm nirg means or

obtaining a,PFORACALi G0 ©4VI EAREEAL L B! CALL N\Gh2: £R50I4 T AR Qb Ang

factor, included 1in the control signal from the
transmitter.
A transmitter apparatus according to the present
10 invention 1is a transmitter apparatus configured to
perform radio transmission of information together with
a receiver apparatus, using an orthogonal frequency and
code division multiplexing transmission scheme of
parallelly transmitting identical information by a
15 plurality of sub-carriers, the transmitter apparatus
compriéing converting means for parallelly converting
channel-coded information according to symbols
ftransmitted simultaneously, and spreading means for
spreading a sequence of parallelized symbols in at
20 least one of a fregquency direction and a time direction
by a spreading ccde sequence of a spreading factor
determined based on a plurality of changeable spreading
factors.
In the transmitter apparatus of the present
25 invention, the spreading means is preferably configured

to spreading a sequence of parallelized symbols in bkoth

17



propagati on path between the transmtter and the 10 receiver and determ ning
the spreading factor according to the propagation envi r&hFEBRUARY(2086
transmtter apparatus of the present invention, the first spreading factor
determining means is preferably configured to obtain a delay spF&add-10591-00
i ndi cating a propagation delay property and use the delay spread as the
propagati on environnent. The transmtter apparatus of the present invention
is preferably configured to conprise second spreading factor determ ning
means for determ ning the 20 spreading factor on the basis of a command from
out si de. | na h€naoasan t el tRyparat ussist the pieeendireabentni onyY thBe second
spreading factor determning neans is preferably configured to determ ne
t he 25 spreadinsgdiac or cadeor dfaguencei t ek i #f or greedingndi Eaciag a cel |
configuration or information 18 28 FEBRUARY 2006 FP02-0191-00 designating a
spreadi ng f &etterniined fdsdd wreontRrBiralidivreomt toangepp beesipragding comand
fromoutside. A receiver apparatus according to the present inventionis a
recei ver appga@&caroys.configured to receive 5 a signal radio-transnitted using
an orthogonal frequency and code division nmultiplexing transm ssion schene
fromda transnittefhgppatapashitierr ecabparataspar afus thaprikragespreadi ng
factor control receiving neans for separating a received signal at the
recei ver, invention is preferably configured to comprise first
spreading factor determining means for obtaining a
propagation environment indicating a condition of a
propagation path between the transmitter and the
10 receiver and determining the spreading factor according
to the propagation environment.

In the transmitter apparatus of the present
invention, the first spreading factor determining means
is preferably configured to obtain a delay spread

15 indicating a propagation delay property and use the
delay spread as the propagation environment.

The transmitter apparatus cf the present
invention is preferably configured to comprise second
spreading factor determining means for determining the

20 spreading factor on the basis of &a command from
cutside.

In the transmitter apparatus of the present
invention, the second spreading factor determining
means 1s preferably configured to determine the

25 spreading factor according to either information

indicating a cell configuraticn or information

18



10 into at |east one of sub-carriers and tine-axial syng h@%ﬁgﬁ inteqgrating
coherently at |east one of sub- carriers and tine-axial g ARy er
of which is equivalent to a spreading factor determ ned based 0f$%%b§ 1-00
plurality of changeabl e spreading factors, using a 15 channel es P ot~
val ue and a specific spreading code sequence. In the receiver apparatus of
the present invention,the spreading factor control receiving neans 1is
preferably configured to conprise separating a 20 received signal at the
receiver, into. both. sub-carriers . and tine-axial gb | s, and integrating *
coherently %%?Egngﬁbpaar?iéfggﬁﬂqulngﬂﬁﬁ%ﬂ's}ﬂﬁgg eghé“huﬁ&ﬂt§éavwnch is
equi val ent to_the glrst spreadi ng factor determned based on the plurality
of changeabtRLSpPaAdPRGTE E?BFgFgﬁg en§°5m€ﬁ§ngépnb§¥ﬁ d%n val ue and a
specific spreading code sequence. 19 28 FEBRUARY 2006 FP02-0191-00 In the
recei ver apparat ud ofeIHe’ 9 e SERET M Fenf ORI ARE shPeddifig FESBIT cont r ol
receiving neans IS p[eferabl§,configured to cog&nise spreadi ng factor
det er ni ni ng* FEENS1PBr 18efef RFRMHGTt REPEPRELG RGPS ESDS toh T Wi s of
contgol informatjon jncluded in a control signal sent fromthe transmtter
as ao commfi cattHf orrr&‘g]ﬁa%?ﬂr.ﬁ%t?% r Rer &fpar QG R3e pr esent
i nventi on, %he spreadi ng, factor deter.m nin geafs S %p preferabky
confi gured THETRERF®I FES heCSDr EdditFg Fachpt tiplexing transmissio
scheme from a transmitter apparatus, the receiver
apparatus comprising spreading factor control receiving
means for separating a received signal at the receiver,
10 into at least one of sub-carriers and time-axial
symbols and integrating coherently at least one of sub-
carriers and time-axial symbols the number of which is
equivalent to a spreading factor determined based on
the plurality of changeable spreading factors, using a
15 channel estimation value and a specific spreading code
seguence.
In the receiver apparatus of the present
invention,the spreading factor control receiving means
is preferably cenfigured to comprise separating a
20 received signal at the receiver, into both sub-carriers
and time-~axial symbols and integrating coherently both
sub-carriers and time-axial symbols the number of which
is egquivalent to the first spreading factor determined
based on the plurality of changeable spreading factors,

25 using a channel estimation value and a specific

spreading code seguence.
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0 Fig. 3

understood fromthe detail ed description given hereinbelow and the
acconpanyi ng drawi ngs which are given by way of illustration only
are not to be considered as limting the present invention. Furth
of applicability of the present invention will become apparent fr
detalleu descr B ony B ven LAY S RUNer o1t SR Cole ot
o oo STRITERLS il IS GR AN SHILON, g Y. BY R oL b
fEESgAngggggdg$%g%%%§%¥?%Pigggﬁﬁ%%igggakgégggéggFﬁ%%%%%ﬁﬁggfﬁggggescription
of Draw a5 Bk ik, 8T BULIRN0R B ST QU L0y, 2, craTDLE
AR S AN T e e
Is a diagr%@&%%g@r@sggggﬁfi%%5§iogrom the transmitter as a

communicating correspondent.

In the receiver apparatus of the present

invention, the spreading factor determining means is

10 preferably configured to determine the spreading factor
according to either information indicating a cell
configuration or information designating a spreading
factor, included in the control signal from the
transmitter.

i5 The present invention will become more Zfully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration enly, and thus are not to
be considered as limiting the present invention.

20 | Further scope of applicability of the present
invention will ©become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the

25 invention, are given by way of illustration only, since

various changes and modifications within the spirit and

20



15 20 exanple of a base station according to the present _invention; Fig. 4
is a diagram show ng spreading and interleaving in the fﬁéﬂﬂﬂ%@@ﬂﬂéﬁ@ﬂ&n
Fig. 5 is a diagramshowing a configuration exanple of a ﬁDbi|%P% atd #?1_00
according to the present invention; Fig. 6 is a schematic illustrati

showi ng a spreading code allocation nmethod; Fig. 7 is a diagram show ng a
configuration exanple of pilot synbols for channel estimation; Fig. 8Ais a

di agram showing a nmulti-cell environnment; Fig. BE is a diagram show ng a
single-cell_ 25 env ment_; ranlshomjn £ £on uration 21
28 FEBRUARY 2606 ° thg 0139}11v gle%%rrﬁﬁ%%of a&fl?ean?ﬁPPFS ba% ghg processi ng
section in ere t.he i g CDNIof t he
present i n\;’er%ttll on | appei ie (}Ptfolyc’gTl d%pl eg{aefge@ ?L%g agram showi ng a

conflguratl%n exa 1'%10 a qgelver baseband proceSS|ng section in the
case where ' OFCDM of the present invention is

applied to a do show ng sinulat

di
speci fications Sggﬁ'fo} eggluat:éﬁag '23L§§%P§n8f %h eBHERGL 22t som

5 eXample (No. 1) of a mobile communication sysiem as an
embodiment of the present invention;

Fig. 2 is a diagram showing a configuration
example (No. 2) of a mobile communication system as an
embodiment of the present invention;

10 Fig. 3 1s a diagram showing a configuration
example of a base station according to the present
invention;

Fig. 4 1s a diagram showing spreading and
interleaving in the frequency domain;

15 Fig. 5 1is & diagram showing a configuration
example of a mobile station acceording to the present
invention;

Fig. 6 1s a schematic illustration showing =a
spreading code allocation method;

20 Fig. 7 1s a diagram showing a configuration
example of pilot symbols for channel estimation;

Fig. B8A 1is a diagram showing a multi-cell
environment;

Fig. 8B 1is a diagram showing a single-cell

25 environment;

Fig. 9 is a diagram showing a configuration

21



10 vari abl e spreading factor OFCDM of the present |nvent|on ‘K si mul ati on;
Fig. 12A is a diagram showi ng an exanple of the channel 28JdBREARY2006 Fi g.
11, Fig. 12B is a diagram showi ng an exanple of the 15 channel magelqoshowsg
in Fig. 11; 20 Fig. 13 is a graph show ng capacity eval uation
characteristics in the single-cell environment in the variable spreading
factor OFCDM of the present invention; Fig. 14 is a graph show ng capacity
eval uation characteristics in the multi-cell environnent in the variable

spreadi ng factor; OFCDM oéréﬁgmpf@éﬁnﬁaséﬁxﬁat ?98ce§'sgng1§e'c§l%nd'1%gr am
showi ng spreading and 25 interleaving in the frequency-tine domain;, Fig. 16

I's a di agraiReshews 89 wsRreadiNg ﬁ9918]8188 sBEBRUAR ? Zﬁ&ﬁt&PoéF@éﬁl o0

interleaving in the frequency-tinme domain; Fig. i's a diagram show ng

spreadi ng &k ﬂf‘é@éﬂ@%‘&h@@ntﬂoﬁhﬁs“éﬁ?k‘?@éﬂté' FeqderifAy;Fig. 18 is a
flowchart showing a process at the ransm tter base band processi ng

section; and Figpdd 1903 Ekovehasisshaw nhciRPCess cahriBarakees ver base
band processing section. Best Myde for Carrying Qut the Invention The
enbodi ment s,0fpdhe BresentebrYeRE Bhdddndeprocessing section in

the case where the variable spreading factor OFCDM of

the present invention is applied to a downlink;

Fig. 11 is a diagram showing simulation
specifications used for evaluation of capacity of the

10 variable spreading factor OFCDM of the present
invention by simulation;

Fig. 122 is a diagram showing an example of the
channel model shown in Fig. 11;

Fig. 12B is a diagram showing an example of the

15 channel model shown in Fig. 11;

Fig. 13 is a graph showing capacity evaluation
characteristics in the single-cell environment in the
variable spreading factor OQFCDM of the present
invention;

20 Fig. 14 is a graph showing capacity evaluation
characteristics in the multi-cell environment in the
variable spreading factor OFCDM of the present
invention;

Fig. 15 1is a diagram showing spreading and

25 interleaving in the frequency-time domain;

Fig. 16 1s a diagram showing spreading and

22



10 descri bed bel ow on the basis of the drawings. Fig. 1 %igﬁppiqgran1shomjng
an exanple of the radio transm ssion systemas an enbod Rff ARY2006
present invention, e.g., an exanple of a nobile conmunication system Fig.

1 shows a configuration 15 exanpl e where the systemincludes a rd808-R&LAoOR
control station, and Fig. 2 a configuration exanple where nobile stations
are directly connected to a core network (IF network), w thout intervention
of the radio network control station. 20 In Fig. 1, the nobile .
communi cation systemis conposed of a core network (CN) 100 and a radio
access net whtlRIlRAN) NSt 46 SR 20T AT HeT WOt AL IRAN is  conprised of a
radi o network control station 201 and a plurality of base stations 202,

203. The base stafii@ns 23 202, 203 Hrad@Ihf i GAYEHT n SPEeREDRIsysreém A
packet signal fromthe core network 100 is transmtted via the 23 28
FEBRUARY 2008tFPG2ag10%- 00 tad & TRsiufsTRy toiits olo®aati on 201 to a base
station 203 establishing a radio link wwth a nobile station 300. The radio
networ k control | eFig01 Y¥asl handdvewchaarvi showiiaphi BPcedisstat bblee on
(downlink) functions. 5 Soft handover is carried out for uplinks, and fast
(or 8low) cé&Fpnsaiigteirohaner baowhNnaees SgeriFeebian;, and the case of the
upl i nks, a packet channel transnmtted fromthe nobile station 300 is

recei ved at a pl uFapi-t Y9 ofs cel f3opshes tst sy af P¥eCeskarrdovekre

candi dates 10 during handover and the packet signals received at the
receiver base band processing section.

Best Mode for Carrying Out the Invention

The embodiments of the present invention will be

10 described below on the basis of the drawings.

Fig. 1 is a diagram showing an example of the
radio transmission system as an embodiment of the
present invention, e.g., an example of a mobile
communication system. Fig. 1 shows a configuration

15 example where the system includes a radioc network
control station, and Fig. 2 a configuration example
where mobile stations are directly connected to a core
network (IP network), without intervention of the radioc
network control station.

20 In Fig. 1, the mobile communication system is
composed of a core network (CN) 100 and a radic access
network (RAN} station 200. Furthermore, the RAN is
comprised of a radio network ccntrol station 201 and a
plurality of base stations 202, 203. The base stations

25 | 202, 203 are configured in a secteor system. A packet

signal from the core network 100 is transmitted via the
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base stations are transferred through a wire transm ssi i the radio
network controller 201 to be conbined based on reIiabiI?QﬁEbﬁﬁb$ﬁﬁF¥w On
the other hand, in the case of the downlinks, 15 an identical ?gﬁg géggso
is transmtted fromthe radio network controller 201 to cells o 8 r
candi dates (base stations), a base station having the snmallest path |oss
difference with respect to the nobile station is selected out of the base
stations of 20 soft handover candidates and a packet channel is sent from

this selected base station to the gpglle Ation ernlgg%i )
sel ection of *PAPs"GHFP C@&Iro ( 5aS l?Pa n)-° tth % tion and
th | | . ect def th d f t

Selecting acbheRtifhhEn=csSsdY 39%§cw.lé$e”e o 1 g%%t'lgii ?ﬁ@ggoﬁfffyerence
to the mobile 24 FEBRUARY 2Q06 FPO02-0 0 stgéh %51 rt time
period foll ow ng ﬁl 1R i 18 gt 5&1 5 st it TEn el ect ed

and as a nethod of se base tion ath | oss
di fference 5? f’néﬂgdo{mﬁ 193 ?Q%Fgﬁlgﬁ %nd %‘?ﬁ%%l%}éfnzﬁjq%% Sa‘n aver age
'n efther cRRL bﬁgdgig‘%et‘lpﬂﬁéa%r” bcr Fah EbLE R omirina s T cel 1
i or  or encBLit] h oH3 t FRS e Fef Slel ?fts“ SRR or SPABACIGRTHN ay Ldel ay
profile) dl{ﬂgr%a%%p qg Pgeuggﬁl%%%h CeLpagﬁeEa%%annel transmitted
from the mobile station 300 is received at a plurality
of cells (base stations) of soft handover candidates
10 during handover and the packet signals received at the
base staticons are transferred through a wire
transmission line to the radio network controller 201
to be combined based on reliability information.
On the other hand, in the case o©f the downlinks,
15 an identical packet signal is transmitted from the
radio netwoxrk controller 201 to cells of handover
candidates ({base stations), a base station having the
smallest path loss difference with respect to the
mobile station is selected out of the base stations of
20 soft handover candidates, and a packet channel is sent
from this selected base station toc the mecbile station
300. Concerning the selection of this optimal cell
{(base station), *the fast cell selection and the slow
cell selection are defined as a method of

25 instantanecusly selecting a base station so as to

achlieve the smallest path loss difference to the mobile
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sector, the spreading factor is set based on a delay spr. asured at the
base station 202, 203 or at the nobile station 300. 15%§i » ﬁﬁ@ﬁSQEOQQe
configuration in which each base station 202, 203 is coupled directly to a
packet gateway of the core network 100, without intervention ofP0ReCl&di-®0
network controller 201 (cf. Fig. 1). In this configuration, when handover
is carried out at the 20 nobile station 300, the packet signal transferred
from (or those transferred to) the core network 100 is distributed (or are
conbi ned) by the original cell (base station) before the handover. The
handover opégraticans iim téhe sipoand Home | pekd car e Tarkowichout fa@bnaccor di ng
to the procedure simlar to Fig. 1. The base stations 202, 203 shown in
Figs. 1 andvar25t28nFEBRUARVAZ00R tHRODLHD 1100t kor t del babed stadi@ns wil | be
denoted by only reference synbol "202" because the base station 202 and the
base statienm2@dasave tdrl szneng nat basentak tdonf iWjurhatilom) smat kesonf i gur ed
for exanple, as shown in Fig. 3. In Fig. 3, the base station 202 is
conpri sed opa&h | dwsaoi deféapehteeralitera shadswisgi onaanptidnerand?, a
radi o frequency distributor-conbiner 13, a radio transmtter/receiver 14, a
baseSband sdgmébngeocessiortidn, ag win e atveangw sef ofaldimg ivaeidaten 16, a
controller 10 17, and an antenna 18. The operation of the base station 202
will be and updating the base station selected, respectively.
In either case, the packet channel is transmitted from
one cptimal cell (base station) with the smallest path
loss difference, in order to decrease interference with
10 the other cells. Since the propagation delay (delay
profile} differs depending upon each cell or each
sector, the spreading factor i1s set based on a delay
spread measured at the base station 202, 203 or at the
mobile station 300.
15 Fig. 2 shows the configuration in which each base
station 202, 203 is coupled directly toc a packet
gateway of the core network 100, without intervention
of the radio network contreoller 201 (cf. Fig. 1). In
this configuration, when handover is carried out at the
20 mobile station 300, the packet signal transferred from
(or those transferred to) the core network 100 is
distributed (or are combined} by the original cell
(base station) befcore the handover. The handover
operations in the up and down links are carried out

25 according to the procedure similar to Fig. 1.

The base stations 202, 203 shown in Figs. 1 and 2

25



outlined belowin the configuration of the base station 202 shown in Fig.
1. Packet data sent fromthe radio network 15 control | er2@EBRUARY2046t
gateway controller of the core network) is received via the w T 02-0191-00
transm ssion line interface 16 by the base band signal processor fg and "an
OFCDM signal is generated according to the spreading factor set by the
controller 17. A D/A 20 converter of the radio transmtter/receiver 14
converts "this OFCDM signal into |In-Phase and Quadrature conponents, and

(ney. are (g sopyet! edintos 1ol el asslafuenc (i) skgbglaghy o

guadr at ure ' nodu Aror >t upconve | at’ed s1gn

upconvert ed BEavdidaledslanal s e sabiiet 2 dde fadie[rpguency
ranamc{aFPrinfia "N S Moo, Wrilinethou™
e 1o S S oS B St o M T4 o equeney
at {She radi o traIﬁlsrﬁJTgt'ér?’/'rgC(ﬁ:l’gi \?grsﬁf%agcnlaoq hégé)é',s\?lgs(r)la‘?onﬁégg% jge(gfe% to 109

quadrature -.d ction to be.converted into _anal i n- e and, quadrature
corrponents.lﬁgqnojt%eeya%lglf%%rnnvg;teg itr%"ta%sax:%isﬁ%n %méﬁglaéslebls gzn’ D

converter 'Mdio frequency distributor-combiner 13, a radio

transmitter/receiver 14, a base band signal processor
15, & wire transmission line interface 16, a controller
10 17, and an antenna 18.
The operation of the base station 202 will be
outlined below in the configuration of the base station
202 shown in Fig. 1.
Packet data sent from the radio network
15 controller 201 (the packet gateway controller of the
core network} is received via the wire transmission
line interface l% by the base band signal processor 15
and an OFCDM signal is generated according to the
spreading factor set by the controller 17. A D/A
20 converter of the radio transmitter/receiver 14 converts
this OFCDM signal into In-Phase and Quadrature
components, and they are then converted into
intermediate-frequency (IF) signals by & dquadrature
modulator to be upconverted to RF modulated signals.
25 The upconverted RF modulated signals are combined at

the radio freguency distributor-combiner 13, the

26



t he base band signal processor 15, and the digital signals are thereafter
denodul ated and error 15 correction-decoded to recover azgﬁﬁﬂﬂﬁUﬁﬁéﬂﬂMﬁbket
data sequence. The packet data recovered in this way is transfgssed;via
the wire transmssion line interface 16 to the radio network controller 2%?
(the packet gateway controller of the core network). 20 The controller 17
perfornms the setting of the spreading factor as described previously, and
this spreading factor is set based on the delay spread neasured at the

diot i i 14. . _ s large.
e shown | B EbERERCR L de, A T e A O thin O

smal | frequspgy PRREAS:pl1ErieW t BiRLLRt erval §,9f 24 +28 FEBRUARY 2006

FP02-0191-00 a sﬁa Ie?m%un%%? of sgg-carﬁgergf aﬁ§1i§§%rference QEetween

codes incregﬁgﬁnggcgg§e of destruction of orthogonality in the case of
e

spreading on t requency axis using orthogonal codes. Therefore, the

spreading © i cagsi efle OUbnbp WAl Slcd i ed vl sauhers then Ay | ude

variation can be assuned to nost constant. t he “spreadi ng

factgr is sghylgnfheg E]H”Qﬁgﬂ%ﬁgﬁ%ﬁ%ﬂ@@ﬁ”n@iééeg}h?ﬁ%fi@”%,"‘here the

anpl i tude variation can be assune be al nost 10 constant. In general,

where the sige ghpthe:del 8Ygnsnr gad di flelined:85ai1othe s3A" gdihg factor SF

neets the ng relation. SF x 1
radio frequency distributor-combiner 13, then the

signal is downconverted into an IF signal at the radio
transmitter/receiver 14, and the signal is subjected to

10 quadrature detection to be converted into analog in-
phase and guadrature components. Then they are
converted into digital signals by an A/D converter in
the base kand signal processor 15, and the digital
signals are thereafter demodulated and erroxr-

15 correction-decoded tc recover a transmitted packet data
seguence. The packet data recovered in this way 1is
transferred via the wire transmission line interface 16
to the radio network contreoller 201 (the packet gateway
controller of the core network).

20 The controller 17 performs the setting of the
spreading factor as described previously, and this
spreading factor 1is set based on the delay spread
measured at the radic transmitter/receiver 14. For
example, when the delay spread is large, as shown in

25 Fig. 4, amplitude (phase) variation Dbecomes large

within small frequency bands, i.e., within intervals of
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By setting the |argest spreading factor within the 15 sgo isfying the
above relation, it is feasible to mnimze the influenééggﬁBﬁﬁ@Q$¥@P@%ce

with the other cells. Wien the spreading factor is small, a | ot_of

i nformation synbol s are mapped (frequency-interleaved) over thefeRerFe?l-00
system band, i.e., across all the sub 20 carriers. As the spreading factor
becones larger, the nunber of information synbols that can be mapped across
all the sub-carriers, decreases. In either case, because the information
data is mapped actoss all the sub-carriers, by spreading or freguency

i nterl eaving, é@aﬁﬁﬁradﬁﬁﬁa?ﬁ f?gqu%ﬁ%?c?ﬁ¥%@ %avi%@gef¥ Griese achi eved
t hereby. As_described, the hase station 28 28 FEBRUARY 2006 FP02-0191- 00
accordi ng t BEtHESPr eSERESI ntETEEETES AREWSS r &ff | AFSHHETEEDM¥chene
capabl e of adaptively setting.the spreading factor according to the del ay
spread of tR&t BEGB&ééﬁtiyoﬁnp . SO MRFERTGh %t"é‘%pfrre%fﬁ‘?eﬁﬁ:ﬁénd
interleaving .in the frequency domain in Fig. 4, can be replaced by
spreadi ng afdifnteriPgai Mg g SRt nCPAgSt i ne8BREPRCas thehT §af MY, 15 to
Fig.17. In Fig. 15, /1 information synbol . is transnitied 1 OFCDM synbol
(tinme-axial 180 SFRBOPT andta Shb-SWPTra¥siern MErials 1 whshs ndthon 15
synbol is transmtted by 4 OFCDM synbols and 1 suh- carrier. In Fig. 17, 1

i nformati ona’é‘?irﬁﬁpdres ‘%‘Féﬁg:?'iqnte By ?%F@ﬁf%ﬁgol Loande® Al9Sirriers. In

constant. Namely, the spreading factor is set to the
number of sub-carriers in a frequency range where the
amplitude variation can be assumed to be almost
10 constant. In general, where the size of the delay
spread is defined as 1, the spreading factor SF meets
the following relation.
SF = 1/t
By setting the largest spreading factor within the
15 scope satisfying the above relation, it is feasible to
minimize the influence of interference with the other
cells. When the spreading factor is small, a lot of
information symbols are mapped (frequency-interleaved)
over the entire system band, 1.e., across zll the sub-
20 carriers. As the spreading factor becomes larger, the
number of information symbols that can be mapped across
all the sub-carriers, decreases. In either case,
because the information data is mapped acress all the
sub-carriers by spreading or frequency interleaving,
25 the adequate frequency interleaving effect can be

achieved thereby. As described, the base station
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Fig.15 to Fig.17, the spreading factor is 4. It is also possible to acquire
the information on the spreading factor set at the contg%FEBRIMRYfmmthe
radi o network controller 201 or the core network 100 which is a, 2-0191-00
superordi nate station over the base station 202. 20 Fig. 5is a 4 agorar%
showi ng a configuration exanple of the nobile station 300. In Fig. 5, the
nobi l e station 300 is conprised of an error detection (packet error
detection) code attachnent section 21, a channel encoder 22, an 25

i nterl eaving _secf.i.on €3 dat.a nodul ati on_processar converter’

) 24, a_DIA.
25, a quadfature bdut at Sf’ezé’,reasr? 28" FE R?Szﬁé%l%ﬁ%%-ﬁféﬁ-lﬁﬁ up
converter .. a r anplifie a contraller. 29 ~a lLqow noi anplifier
30, a down (?:lginvgﬁ%@ﬁ S?L,rCTHglrrlleA Igagbn%ﬁi folfgr a%f,pecalvqeaéﬁrgte& é"det gg?or 33, an
A/ D converter 34, a denpdul ation processor, 35 5 deinterl eavi section
36, a chanﬁ@%eﬁéﬁgl&cgergﬁg,&gngcgr Fgprngetecé)ctF%% Pﬁzgk’ets%rrerao %Igt tggl on)
section 38 an%&%n ant eancg_fa 39. The operation at the nobile station 300 wll
be outlinéd P& Wt FG%terence to the same drawi ng. 10 The error

Codde) to “trancii ot FARREr -0t S50 aPRRETALAC S nab OhL ATANT the
channel enagder 22¢Lbsrealt encRgibonm® Fhanng ool nd@fdbe dgta and

spreading and interleaving also in the time domain as
shown in Fig. 15 to Fig.17. In Fig. 15, 1 information
symbol 1is transmitted by 1 OFCDM symbol (time-axial

10 symbol}) and 4 sub-carriers. In Fig. 16, 1 information
symbol is fransmitted by 4 OFCDM symbols and 1 sub-
carrier. In Fig. 17, 1 information symbol 1is
transmitted by 2 OFCDM symbcls and 2 sub-carriers. In
Fig.15 to Fig.l1l7, the spreading factor is 4.

15 It is also possible to acquire the information con
the spreading factor set at the controller 17, from the
radio network controller 201 or the core network 100
which is a superordinate station over the base station
202.

20 Fig. 5 is a diagram showing a configuration
example of the mobile station 300.

In Fig. 5, the mobile station 300 is comprised of

an error detection (packet error detection) code
attachment section 21, a channel encoder 22, an

25 interleaving sectlion 23, a data modulation processor

24, a D/A converter 25, a guadrature modulator 26, an

29



15 23 perforns the interleaving operation thereof. After
data sequence is nultiplexed with pilot bits for channel
| ower-layer control bits to be data-nodul ated at the da

that, the encoded

24 ¥

blgﬁtlon and

processor 24. The in-phase and quadrature 20 data sequences thuspgo-g191-00
dat a- nodul ated are converted into analog signals at the DA converter 55
and the analog signal are then quadrature-nodul ated at the quadrature
nodul at or 26. Then the quadrature-nodul ated signal is converted into an RF
signal at the up converter 27, the 25 RF signal is anplified by the power

oo gl 77, 4 s onaba i 51 LEopsr Ll efofg

ghgge ant enna 30

eécrlbed

e ;aac éﬂ‘%?gg thg‘iiff %rxmﬁ 285&;&/":%:?%@ o3 ﬁfd'&g S'a% the

spreadi ng or se contr

and

Tyt st ooty s oo oy g

anplifier e anpl i

t he down cQn) é¥ ]§1,34and %he B%ﬁ%dqrgﬁid% "E?% e%s%gpllgled bg t he AGC
e

10 anpllfler ereafter t he "anpli

quadr at ur e

SUubj ectéd to
quagr at urec% tece%fi;é‘a pgfjhée%‘é‘}%r atyge ade'cﬁﬁhh%'i S&&&é&@r?’% The

ase uadrature SI na S are converte into

digital datg dy BQ‘Eeé‘cPoﬁO”&%éfét%ra:%‘}té‘&{&é‘{ié’ﬁ the 4l abgdata

and an antenna 39.

The operation at the mobile station 300 will be

cuflined below with reference to the same drawing.

10 The error detection code attachment section 21

attaches error detection codes {CRC codes)

to

transmitted packet data (transmitted information data),

the channel encoder 22 thereafter performs

channel

encoding ¢f the data, and then the interleaving section

15 23 performs the interleaving operation thereof.

After

that, the encocded data sequence is multiplexed with

pilot bits for channel estimation and lower—layer

control bits fto be data-modulated at

the

data

modulation processor 24. The in-phase and guadrature

20 data seguences thus data-modulated are converted into

analog signals at the D/A converter 25 and the analog

signal are then gquadrature-modulated at the quadrature

modulator 26. Then the gquadrature-modulated signal is

converted into an RF signal at the up converter 27,

25 RF signzl is amplified by the power amplifier 28,

the

and

the amplified signal is transmitted from the antenna
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amplifier 30, the amplified signal is then

downconverted to an IF signal by the down converter 31,
and the IF signal 1is linearly amplified by the AGC
amplifier 32. Thereafter, the amplified signal is
subjected to guadrature detection at the gquadrature
detection section 33. The quadrature-detected in-phase
and quadrature signals are converted into digital data
by the A/D converter 34 and thereafter the digital data
is demodulated. The demodulated data is deinterleaved
by the deinterleaving section 36 and then the channel
decoding section 37 error—correction-decodes the data
to recover the transmitted packet data.

Fig. 6 is a conceptual diagram showing allocation
of spreading codes. in the wvariable spreading factor
QFCIM according to the present invention. As shown in
the same figure, double spreading is carried out wusing
scrambling codes (1) specific to respective cells and
orthogonal codes (2) used on a common basis to the
cells and used for identifying code channels in the

cells. The scrambling codes specific to the cells are

31
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15 carrier, a channel inpulse response (channel estimatign value) of this
packet can be determ ned. Particularly, when the del ay &FE&&Q& Y06, a
fading correlation between adjacent sub-carriers is very |large.pddgdthad;-ogp
case, the channel estimation value can be determ ned 20 with higher accuracy
by obtai ni ng channel estimation values of respective sub-carriers estinmted
across several adjacent sub-carriers and further averaging them
coherently. The following will present the result of 25 theoreti cal

Aceordi ng 1S Ve 35 ob FLROARY 2008 FPOS SIS Ob b ehent "Pnbestran. (Ea. 2)

bel ow i S an ARPT O} ABLE ARSI IEPLESYM NGuhie, T elali pnshi,g_bet ween

the nunbers o users per ing the required reception 5 quality
' SoFerm MO RCEIM 'SF LTI CRERRPEGECON " CE DV Kb - Runbee>of hser s per
soers ot AL SRR SRR LRl SEDURETON, e
spreadi ng el i, MAeG L PURe o 0f Tl Lipl eXPH 60488 2L FECEM & ce11
environment and a propagation environment {delay
spread) .
Fig. 7 1is a diagram showing a configuration
example of pilot symbols for channel estimation.
10 As shown 1in the same figure, pilot symbols (1)
are time-multiplexed at the front and rear ends of a
packet in a coded symbol sequence. By adding
coherently FFT output signals of all the pilot symbols
at the front and rear ends of a packet of each sub-
15 carrier, a channel impulse response {channel estimation
value) of this packet can be determined. Particularly,
when the delay spread is small, a fading correlation
between adjacent sub-carriers is very large. In that
case, the channel estimation value can be determined
20 with higher accuracy by obtaining channel estimation
values of respective sub-carriers estimated across
several adjacent sub-carriers and further averaging
them coherently.
The following will present the result of
25 theoretical analysis on the downlink capacity of the

variable spreading factor OFCDM according to the
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satisfying the required quality rlorcDM power ratio of nultiple access 15
interference to nultipath interference of OFCDM 20 r| or B¢ FEBRYARY 2086 of
mul ti ple access interference to nultipath interference of OFDM FCFCDM
nunber of cell frequency reuse of OFCDM FDFo.,: nunber of cell #fFP&Guéi&-00
reuse of OFDM SOFCDM sectoring effect of OFCDM SoFDM sectoring effect of
OFDM According to (Eq. 2), since the OFCDMis configured to nake copies of
an identi-cal coded synbol™ sequence by the nunber equivalent to SF, allocate
t hem 33 28 FEBRUARY 2006 FP02-0191-00 to SF sub-carriers, and transmit them
t he frequengyesenit! ilpateindd o&f-fi ci ency thereof in one-code transmission is
1/SF of that in the OFDM but the OFCDM allows multiplexing of CMJX code
channel s spread byEdi-ff&lentosl@y t hbgonah cEdes asrimaie f reReseyioRis. In
the multipath fading (frequency selective fading) channels, however, the
ort hogonal i rgrarsegtdode thanrellstgendieip f befuerncy @xg snugblsrekedtmai nly by
variation of the anplitude conponents anong sub-carriers. Accordingly, 10
because of tBersode<tro- cotfel i ntettef¥hne, the nuwemringd mdeéptesed code
channel s capabl e of satisfying the required reception quality becones

smal Per thaqus8kitPhénetisee oft REFGIY legw F bl dforan ADBHA¥orov{ 1/ SF) CMUX x 0.5
< 1.0

N orcou 1 . 147 opu . Forpu _Sorcom

— -
—

Noeow  SF o Y+ orcon Forcow  Sorpm

Norcom:

number of users per ceil satisfying the required
reception quality of OFCDIM
Nerpw: number of users per cell satisfying the
10 required recepticn quality of OFDM
SF: spreading factor
Cumux number o¢f multiplexed codes of OFCIM
satisfying the required quality
NorcoM power ratio of multiple access
15 interference to multipath interference of OFCDM
Norom: power ratio of multiple access interference
to multipath interference of OFDM
Forcpw: number cof cell frequency reuse of QFCDM
Forpm: number of cell frequency reuse of QOFDM
20 SercoM: Sectoring effect of OFCDM
Serpy: Sectoring effect of OFDM
According to {Eqg. 2), since the QFCDM 1is
configured to make copies of an identical coded symbol

sequence by the number equivalent to SF, allocate them



15 In an isolated cell environment (cf. Fig. 8B) like ! g.

| EEE802. 11), the nunber of users capable of satisfyingg?ﬁﬁégggﬁhfgbﬁgﬁ
reception quality of OFCDM i.e., the capacity, thus becones snal& r than
that of OFDM 20 In a nulti-cell environnment (cf. Fig. 8A) on t he? gfﬂ%Pl‘oo
hand, because the OFCDM i nvol ves the spreading wth scranbling codes
specific to the respective cells in the frequency domain, the sane
frequency band can be used in neighboring (adj acent) cells. Accordingly, it
25 is feaS|bIe to realize the cell uency reyse of 1. ign contrast to'it,
in the case*of StheS ERTREL F heF Sané gaﬁﬁﬁéﬁ Sh06 LREOLTEIHETRY f r equency
band cannot pbe used. in n hbori ng a acent) cells. because of the

co- channel #rtbttaFinge® %ggﬂlﬁﬁgy EBE ePFe&@eﬁ@f|QQﬂﬁ3§ﬁa%?W%§§%&Rured in

t he case usjng branch_ant enna d verS|t cepti Accordln ly, the 5
fol | owi ng re? at]1/2 s Rl d*PZE Gt | he: 3 @ﬁ" 5%111’8 g@F s a

result, the c .in e multi-cell environnent becones greater
than t hat d?ujdgﬁM\ %Hlﬁoﬁ’& (oths FRERAGRGRNET h@%%%gopﬁ’n%&éan Wien t he
10 s& ctoring is further ken into _consideration, the OFCDM permitting the
cel | frequé%%?h?%%gé ofC? eﬁenﬁﬁstF&FesﬁFﬁ@uﬁnﬁaiennﬁﬁbaC|t}q ndf&asi ng

effect b t he sectoring.than OF so that the c cit increasi ng effect
of the LM Dedones rahver datentency selecti%e ¥a¥ing) AN,

however, the orthogonality among code channels on the
fregquency axis 1is broken mainly by variaticn of the
amplitude components among sub-carriers. Accordingly,

10 because of the code-to-code interference, the number of
multiplexed code channels capable of satisfying the
required reception quality becomes smaller than SF.

Therefore, the following relation holds.
(1/SF) "Cwx = 0.5 £ 1.0

15 In an isolated cell environment (cf. Fig. 8B) 1like
wireless LAN (e.g., IEEE802.11), the number o¢f users
capable of satisfying the required reception quality of
OFCDM, 1i.e., the éapacity, thus becomes smaller than
that of OFDM.

20 In a multi-cell environment (cf. Fig. 8AR) on the
other hand, bkecause the OFCDM involves the spreading
with scrambling codes specific to the respective cells
in the frequency domain, the same fregquency band can be
used in neighboring (adjacent) cells. Accordingly, it

25 is feasible tc realize the cell frequency reuse of 1.

In contrast to it, in the case of the OFDM, the same

34



15 than that of the OFDM As descri bed above, it is seen that the OFCDM and
the OFDM are suitable for their respective cell environA8KEBRIVARS 2006 from
each other. Accordingly, by determining an access nethod (either the %fCDM
20 schene or the OFDM schene) to be activated according to a céF0<-0151-00
environment, it beconmes feasible to realize the fastest information

transm ssion rate in each cell environnent and achi eve i ncrease of
capacity. Specifically, SF greater than 1 is used in the 35 28 FEBRUARY 2006
FP02-0191-00 nulti-cell environnment |like the cellular systemor the |iKke,
so as to reASPENHe R F3 e RS elBf Rl InRr tRE Zﬁﬁéﬁcﬁﬁﬁh, SF =1
is set in the single-cell _environnent like wireless LAN or the |ike, so as
to 5 chang&Sldé Vaecabfe Spr ngO T SRR OFERVEES SR CEGFDMN Y t hBReby
increasing the frequency utilization  efficiency., The conventional systens
required déAlded MDY RAERS W radid TetetFeteln  bpedFfferBatngel i 10
envi ronnents, whereas the varjabl e spreading factor OFCDM i s adaptable to
the differ énr@@gh eﬁmerfé}ﬁréﬁl&‘éer%%/t%iﬁ%1:?P€é?9i ngp“S‘F?r‘EihﬁleedEang t he
cost. for installation of apparatus. Fig. 9 is a diagram show ng a

confi gur at it L OYE ek difHad 161 E P ¥Fansm t baseband processor in the case
where the variable spreading factor OFCDM of the present invention is
applied to the downlink. The

;L-CﬁmzﬂjslﬂpfﬁﬁL=3
SF OFCOM
As a result, the capacity in the multi-cell environment
of OFCDM becomes greater than that of OFDM, without
consideraticn to the sectoring effect. When the
10 sectoring is further taken into consideration, the
OFCDM permitting the cell frequency reuse of 1
demonstrates the greater capacity increasing effect by
the sectoring than OFDM, so that the capacity
increasing effect of the OFCDM becomes much greater
15 than that of the OFDM.

As described above, it is seen that the OFCDM and
the OFDM are suitable for their respective cell
environments different from each other. Accordingly,
by determining an access methed (either the OQFCDM

20 scheme or the CFIM scheme) to be activated according to
a cell environment, it becomes feasible to realize the
fastest information transmission rate in each cell
environment and achieve increase of capacity.

Specifically, SF greater than 1 is used in the
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transmt baseband processor is pfaéed in the baseband srgnal protessor—of—

the base station 202 shown in Fig. 20 3. In Fig. 9, the %%ﬁﬁi nd
processor is conprised of a channel encoder 40, an inter?gaver gﬁgﬁgﬁﬁ%

mul ti pl exer A 42, a data nodul ator 43, a nmultiplexer B 44, a FP02-0191-00C
serial/parallel converter (S/P) 45, a copier 46, 25 multipliers 471-47,,, an
| FFT (inverse fast Fourier transforn) section 48, a guard interval inserter
49, 36 28 FEBRUARY 2006 FP02-0191-00 and a spreadi ng code generator 50. The
operation in the transmt base band processor w | be described below (cf.

Fig. 9, Fignul8)-Patketnddtresivicont codes thie Eefitlatt aghetdnt @r Scpacket data
(transmtted information data) and the data is channel -encoded
(error-corregkepnseoded)tat reheizehameel celncofee gdbncTheetudkorgmti on dat a
channel -coded at the channel encoder 40 is subjected to the interleaving

operation iont he:d | GEhdpMhiandat $he=1Q i pserdedaven 4heanshindien-ddiel data is
mul tiplexed with control data at the nmultiplexer A 42. The coded data

sequence nukhirprexsdnat e nulitepeexerL 43ri sthi@mppeade,atsd hasdata
nmodul ator 43 and the data is further nultiplexed with pilot bits for

chanpel esttnahgentandvipiaebikr eprieriddhmtiaert oy ram dfo tiree |ommyM, | ayer at
the nultiplexer B 44. This multiplexed synbol data sequence is subjected

Zg serial / pghakkel (S/ PBlcrespvegsi ontlaé t hef sexiabépar aldtell {&P)oconvert er
He efficiency.
The conventional systems reguired devices with
respective radio interfaces for different cell
10 environments, whereas the wvariable spreading factor
QFCDM is adaptable to the different cell environments
by simply wvarying SF, thus reducing the cost for
installation of apparatus.
Fig. 9 1is a diagram showing a configuration
15 example of the transmit baseband processor in the case
where the variable spreading factor OFCDM of the
present invention is applied to the downlink. The
.transmit baseband processcr 1s placed in the baseband
signal processor of the base station 202 shewn in Fig.
20 3.
In Fig. 9, the transmit baseband processor 1is
comprised of a channel encoder 40, an interleaver 41, a
multiplexer A 42, a data modulator 43, a multiplexer B
44, a serial/parallel converter (S/P) 45, a copler 46,

25 multipliers 47,-47,, an IFFT (inverse fast Fourier

transform) secticn 48, a guard interval inserter 49,
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be converted into parallel data in the nunber equal to 20 (the nunber of al
sub-carriers/the spreading factor) (step S01). The sprec@8iFRBRUARY 2066
specified by spreading factor setting information from control kep(shen-oo
S02). The spreading factor is specified by the propagati on 25 environnent,
whi ch indicates the condition of the propagation path between the
transmtter and the 37 28 FEBRUARY 2006 FP02-0191-00 receiver. The sane
information synbols in the synbol data sequence after the S/ P conversion as

described apove, LoRLed d %};g Sgib-carriers in the nunber 5
equal to the spréﬁ%ﬁ%g égtor (SF) at the copier 46 (step S03) . At this

time, the copyingaperald.enqaf ey S HEasiohs: 40 dha Fraubsgarriers can
t edl t he

be inpl emented by repea y readi ng out synbol sequence stored in a
menory. At fihe ¢opigls A8 nddSane, | iEer MiLd o 1@ syl s are al so
preferably ébgig%ptoszontinuous OF sy %Is. /&éthe Lopier 46, the sane

i nformation symbal5areqakseiRbgf etabley copedsipshot b, treguensy

direction and a tinme direction. The spreading factor 1s designated by

spreading LAChl: SEhtd NG BRI N b het apmdie conirebbesatdf ter that,

the SF, continuous, i1dentical symbol sequences are spread (or scrambled)
by spreadi ng cades,of) tdie- s eading hackekroSEishlecaked pegul i gnby. Then

t he spread synbol sequences 1 n the nunber equivalent to the nunber of al
channel enccder 40. The information data channel-ccded
at the channel encoder 40 is subjected to the
interleaving operation in the time domain at the
10 interleaver 41 and then the data is multiplexed with
control data at the multiplexer A 42. The codea data
sequence multiplexed at the multiplexer A 42 is mapped

at the data modulator 43 and the data is further

multiplexed with pilot bits for channel estimation and

15 control information symbols of the lower layer at the
multiplexexr B 44. This multiplexed symbol data
sequence is subjected to serial/parallel (S/P)

conversion at the serial/parallel (S/P) converter 45 to

be converted inte parallel data in the number egqual to

20 {the number of all sub-carriers/the spreading factor)
(step S01).

The spreading factor 1is specified by spreading

factor setting informaticn from controller (step 502).

The spreading factor is specified by the propagation

25 environment, which indicates the condition o¢f the

propagation path ©between the transmitter and the
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20 sub-carriers are subjected to the inverse FFT (I FFT) i he

| FFT section 48 to effect tinme/frequency conversioni|ﬂ%?ﬁﬁ#?¥9@§¥§b@%
conponents orthogonal on the frequency axis. Finally, a guard interval is
inserted into a synbol of each sub-carrier 25 of the nultiple cafFP&rd§lgl-00
the guard interval inserter 49. This guard interval insertion is

i npl emented by 38 28 FEBRUARY 2006 FP02-0191-00 5 copying a signal waveform
equi valent to last NG FFT sanples of each synbol, to the head of each |,
synbol . The transmt baseband processor transmit the processed data (step
S04). Fig. ¥4dssiVéldi agram showi ng a configuration exanple of the receive
baseband processor in the case where the variable spreading factor OFCDM of
the present invefticorPdme appfpeBatsonhs@RMlg nkn T%@ T8tV eddplize band
processor is also installed in the 10 base band signal processor of the base
station 202 sesiwemss naFrgr $heasSSRoweniviensiensaae fdegitd bacheabetei ve
baseband processor is conprised of a guard interval renover 51, a synbo
timng detedtr®r 62pieadcHannePnédnigrtor SB3;Canr1SIFFAN f 45 Fowrber
transforn) section 54, multipliers A 551-55,,, nmultipliers B 561-56x, an

i n-plPase ad@siad7 ta thar atPetadEny alfacies) tohvertterthg, copssirteatip ng code

generator 59, a likelihood cal culator 60, and an error correction decoder
61. (step S03}. At this time, the copying operation of the

same symbols to the SF sub-carriers can be implemented

by repeatedly reading out the symbol sequence stored in

a memory. At the copier 46, the same information
10 symbols are alsc preferably copied to continuous OFCDM
symbols. At the copier 46, the same information

symbols are also preferably copied in both a frequency
direction and a time direction. The spreading factor
is designated by spreading factor setting information
15 fed from the controller. After that, the SF,
continuous, identical symbol sequences are spread {or
scrambled) by spreading codes c¢f the spreading factor
SF  allocated peculiarly. Then the spread symbol
sequences in the number equivalent to the number of all
20 sub-carriers are subjected to the inverse FFT (IEFFT)
operation at the IFFT section 48 to effect
time/frequency conversion into multi-carrier components
orthogonal on the frequency axis. Finally, a guard
interval is inserted intc a symbol of each sub-carrier
25 of the multiple carriers at the guard interval inserter

49, This guard interval insertion 1is implemented by
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20 The operation in the receive baseband processor w | _be described bel ow
(cf. Fig. 10,Fig. 19) The receive baseband processor r ect? YEBRIARY 2006
transmtted data (step S11). The synbol timng detector 52 first %%%ft t@g
25 synbol timng (which is the timng for execution of FFT operFaPt n ]a?i]d
which is also called FFT wi ndow tim ng) 39 28 FEBRUARY 2006 FP02-0191-00
fromthe multi-carrier signal received. The detection of synbol timng can
be inplenmented by correlation detection of guard interval spaces. The guard
interval renover 51 reppves signals of guard.intervals fromthe 5 synbol
{1t ng. det SCTRHEAF  Fhes SYBDI RISy Her QLT Br L 8Bt 4 alack: Bea SBdve
Thereafter, the FFT sectian 54 rforms the FFT op&rati n based.on the

esti mated FPFEPIERAEW tF3F gsﬁﬁﬁgﬁﬂveF? the MiFdd- Oar r$2F" sPEREP Lirnt o

aral l el ol . sequences. Since the received sigha nder went the
Dol 11 pat b T hES T FRDE v BAES b a0t GRS S S Hegm TR bubhet BPPEEEREd:  mobi | o

t el ecomruni cati on ro tion in the cellular system the channel
CAE NN

esti mat or " €St _ channel inpulse response of each sub-carrier
(chanel var a0 )y 0 AP Lo d i DR SLeP S g TIEroner et
axi s of OFCDM s 0I§ SF sub:cargier conponents from_ the channel
esti mation %%ﬁTéggo? t%&erégﬁﬂ%}Y%e §ﬁﬁbaﬁgfﬁ§&%?%ﬂﬁft*&a Bfe58Pfig codes
‘(’gf‘e’p' n sprgadine. .20 therehy, gengratlng, gn knformtionsgymhel ggguence
present 1nvention is applied to the downlink. The
receive base band processor is also installed in the
10 base band signal processor of the base station 202
shown in Fig. 3.
As shown in the same figure, the receive baseband
processor is comprised of a guard interval remover 51,
a symbol timing detector 52, a channel estimator 53, an
15 FFT (fast Fourier transform) section 54, multipliers A
55,-55,, multipliers B 56;-564, an in-phase adder 57, a
parallel/serial (P/S) converter 58, a spreading code
generator 59, a likelihocd calculator 60, and an error
correction decoder 61.
20 The operation in the receive baseband processor
will be described below. (cf. Fig. 10,Fig. 19)
The receive baseband processor receive the
transmitted data {step S511).
The symbol timing detector 52 first detects the

25 symbol timing (which is the timing for execution of FFT

operation and which is also called FFT window timing)
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S13). At the coherent adder 57, perforns also pref erablé %oherent addi tion
on the tine axis. At the coherent adder 57, perforns al UARY 3006
coherent addition both on the frequency axis and on the tine 2%,2§% The
despread information data synbols in the nunber equal to (the \i Ologfl'aqq
sub-carriers/the 40 28 FEBRUARY 2006 FP02-0191-00 spreading factor) are
subjected to P/S conversion at the parallel/serial converter, then are

dei nt erl eaved, and thereafter error-correction- decoded at the error

correction decod 61. Then the information s u fter the
error corrgc,rﬁmon Bt hy~FaETE6E) 4084 1t F & %%/ Ti sf%q 58%?8 &98r the

t tted . informat dat tep S14). -The fol 11.d be th
nandover  Gfer BTG noLRG Bade hndte. tHELFARFIBIL E51 Cadl HGLeTooPact or

OFCDM of the pr sent ventl nis a |edtothe downlink in_the lti-cell
envi r onmen E A o T H 02455 SupoR) 5 40FB Rk of
connunlcatlon chanqgla has alread% Eeen establ shed betmee Blle station
15 stayi ng SeACAF: ) m%ﬁe%rﬁbg E| b8§e (ﬁPQﬁﬁYﬁ¥§h ﬂ%vE and the

bass 5tol! eutlie OLLE SLaLloh 15, ol 1Lsdple pell sgpect icogor antl
communi o2t on shatnel. ol (aat, ol We ceds 2 20, edet L ned val ye (1] xed
mobi | e performs the FFT operation based on the estimated FFT
window timing to convert the multi-carrier signal into
parallel symbol sedquences. Since the received signal
10 underwent the multi-path fading (frequency selective
fading} through terrestrial mobile telecommunication
propagation in the cellular system, the channel
estimator 53 estimates the channel impulse response of
each sub-carrier (channel wvariation), using the pilot
15 symbols (step S12}. The coherent adder 57 performs
coherent addition (i.e., despreading) on the fregquency
axis of OFCDM symbols of SF sub-carrier components from
the channel estimation wvalues of the respective sub-
carriers and the spreading codes used in spreading,
20 thereby generating an information symbol sequence (step
S13). At the coherent adder 57, performs also
preferably coherent addition on the time axis. At the
coherent adder 57, performs also preferably coherent
addition both on the frequency axis and on the time

25 axis. The despread information data symbols 1in the

number equal to {the number of all sub-carriers/the
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station of a downlink to first establish a radio link, the nobile station
will be able to receive the common control channel of th8 BBBRUARY Q00§ he
handover 25 destination cell. Therefore, if the comon control ghannglsiafyg
t he handover destination cell includes 41 28 FEBRUARY 2006 FP02-0191-00
information for designating the spreading factor of the comunication
channel, it is feasible to give a command to designate the spreading factor
of the comunication channel, to the nobile station. The spreading factor 5

i s detern nedalyithe Paseosfatd.an Qﬁlﬁgggtgéf‘%v%/sd%%d\%éi% cetl.

Specifically, the base station of estination cell erm nes the

optimal spreading . fAct e o1 heohasiscef thedelay profile:ggpeated from

the received signal of the comunication’ channel of the 10 uplink fromthe

mobi | e statien. +SLpcgrthe b@lsfoﬁlé‘é'ﬂ?@c@ioﬁhg_e@éﬁ avelr qesti Eg%?” cell

provi des the command to designate the spreading factor, tot nobi | e

station as desiddied, abRKBest hey Mobi beost Alon heoalke ke reophye and

decode 15 the conmuni cation channel o wnl i nk of the over

deski nat i oR CeldnciSi pgrdpe spreading,fackgrrebhyspdesianaigdy Fig. 11 shows

the sinulation specifications used for evaluation of capacity of the

variabl e spigadiiieq 20, facker ILMA! the BLesent dyenthQmnbyrsiml ation.

The eval uation of capacity was carried out base e average Bl ock Error
Rate (BLER)n0f, 0B¢Mn data (step S14).

The following will describe the handover

operation in the case where the variable spreading

10 factor OFCDM of the present invention is applied to the

downlink in the multi-cell environment in the
configuration of Fig. 1.

Supposing a radic link of a communication channel

has already been established between a mobile station

15 staying in an area of an original base station before

handover, and the base station, the mobile station is

notified of a cell-specific scramble code of a handover

destination cell by a control channel attached to the

communication channel. If at all the cells a

20 predetermined value (fixed wvalue} is set as a spreading

factor of a common control channel for each mobile

station of a downlink to first establish & radio link,

the mobile station will be able to receive the common

contrel channel of the downlink o©f the handover

25 destination cell. Therefore, if the common control

channel of the handover destination c¢ell includes
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As indicated in the sane figure, the radio bandw dth (Bandmndth) is 80 MHz
and one packet (Packet 25 length) consists of OFCDM pi | 8 FBREARYG200G | =
4 and OFCDM coded i nformation synbols of Nd = 60. The nunber 42 égb{§§%§¥§§%
2006 FP02-0191-00 of sub-carriers N is 512, SF 1 (OFDM and 32 (OF

one packet in OFDM i ncl udes 60(Nd) x 512(hD) = 30,720 information synbol s,
and one code of one packet in OFCDM i ncl udes infornation synbol s nunberi ng
60(Nd) x 5 512(N~)/32(SF) = 960. Therefore under the condition of one

bl ock of 96%&6‘}:95{'?61% 0f‘o§yél‘@§’£§1?a%: Hécbgfﬁ%ﬁé gta'c%r‘"%% %%%B“Ct ed by

conpari son between capacities and on average BLER The

modul at i on i@iox@éﬁ%ﬂ}{gé‘i" aid’cqofi'ésl?é%%gfpgg/% gg‘&:‘% were ey the

channel coding/ decodi ng net anne ing) were

Convol uti o égé’giﬁrg a et Egié.‘%glgll?lg aa(ﬁ)ogft £2 BRGLAG 2GRS ral nt

| ength (K) annel one of t eci sion Viterbi

decodi ng.  The, g, D3 qﬁobllﬁefg%gugeﬁy 1, 50 bz o EDAG TG, D

nultlple access |nte erence I n he multi-cell ronnmen consi derati on

was given . TeILELENCe ok oSl Xogeb S, - SWTaund] 1 he ﬁ')%&)]%]%se(ie” in

t he case of OF to interference fromsix 20 proxi nal using the

o CThSIh e Cebha [ aeneycgsueg olod pokle seal GOV A
for distancg at keRYahLbeRenshadow g9t &PniR€s the optimal spreading
factor on the basis of the delay profile generated from
the received signal of the communicaticn channel of the
10 uplink from the mobile station.

Since the base station of the handover
destination cell provides the command to designate the
spreading factor, to the mobile station as described
above, the mobile station is abkble to receive and decode

15 the communication channel of the downlink of the
handover destination cell, using the spreading factor
thus designated.

Fig. 11 shows the simulation specifications used
for evaluation of capacity of the wvariable spreading

20 factor OFCDM of the present invention by simulation.
The evaluation of capacity was carried out based on the
average Block Errcr Rate (BLER) of OFCDM.

As indicated 1in the same figure, the radio
bandwidth (Bandwidth} is 80 MHz and one packet (Packet

25 length) consists of OFCDM pilot symbols of Ny, = 4 and

OFCDM coded information symbols of N4 = 60. The number
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| ogarithm c normal distribution with the standard 25 devi ation of 8 dB, and

mul tipath fading. Figs. 12A and 12B show Channel nodel |t} pat h
fadi ng. The 43 28 FEBRUARY 2006 FP02-0191-00 channel no gﬁ&”@%ﬁﬁgyggbﬁgre a

24-path nodel (the delay spread o = 0.21 us) consisting of thre? 833%191“00
groups, each group being conprised of eight paths in a triangu gr

di stribution of average received powers (cf. 5 Fig. 12A), and an 18-path
nodel (a = 0.29 ps) in an exponential distribution (cf. Fig. 12B). Since
Docunent "2 presents the capacity evaluation in the single-cell environnent,

0 2 presents the capacit ation in the |1 enviro
Var i abl 6. SprBadiotG FAGLE CREDN Wi 112 be Tt foil CABKEY 14560 e {REYBH Lt ence 1o
Fig. 13. Wen.in.t i ngl es | . ' t i i to th
oqui r ot avePSgR T vl R PR ETArAet e dNFs o AN age BIERL 10-2
ith 15. .di ' ' i i h b f
il 1 pl exed COAEES CHE nURBY 61 it BSkcaCCRodDe. 1Hh nb*ERebM ToF = 32)

SaL)STY1 10 BRECRATE LR 50 RULa05 T CEguetl BN 83 Lholg g e, CFOM (5°

= 1) is poténtially U e case , While it

s aQQUt 205&5(&@?/§?§§F9f=th§6&§'p%%ﬁge %%J Q&n@?fig%quggﬁ-fﬁi n

di stribution, so-as result” 1h the Trequericy u ation effictency | ower
e " sl TS Ao BRSSP o5 1

evaluation was conducted by comparison between
capacities of OFCDM and CFDM laased— onn average BLER.
The modulation methods for Data Modulation/Spreading
10 both were QPSK; the channel coding/decoding methods
(Channel coding/decoding) were Convolutional coding
with the coding rate (R) of 1/2 and the constraint
length (K) of 9; the channel decoding was done by Soft
decision Viterbi decoding. The Maximum Doppler

15 frequency was 80 Hz.
Concerning the multiple access interference in
the multi-cell environment, consideration was given to
interference from six cells surrounding the target cell
in the case of OFCDM and to interference from six
20 proximal c¢ells using the same frequency in the cell
frequency reuse of 3 in the case of OFDM. A signal
from each cell was assumed to be affected by the fourth
power rule for distance attenuation, shadowing in the
logarithmic normal distribution with the standard

25 deviation of 8 dB, and multipath fading. Figs. 12A and

12B show Channel models of the multipath fading. The
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25 gain and the increase of the delay spread magnifies the influence of
br eakdown of orthogonality on the 44 28 FEBRUARY 2006 FPQZ-Q191- reguency
axis. Fig. 14 shows the result of sinulation to provide 9%5@&%%%ggﬁéﬁﬁ%
characteristics against change in the nunber of nultiplexed cogeg-unden _the
multi-cell 5 environnent in the variable spreading factor OFCDM he
preconditi ons were that average received Eb/No at the cell edge was 20 dB,
antenna diversity reception was taken into consideration, and no control
was made on transmt power. 10 As shown in the sane figure, average BLER

with SF1c6Uhe number o aiidRlerd Lodem isyd doue APPERXI gBIgLY 10-1 {(D

in Fig. 14), an reason for I's that i'nfluence of the co-channel

interferen f.rom the qother | Lenks sgheat 44 theesel ﬁ{g@Hgl 15 reuse
of 3to de%?gggﬁtg% perfornﬁﬁ%g. IF ig éegntéroﬁﬁ ?%epgghe igﬂ?%’that t he
nunber of i pl cafes o W ¢ i ed2 Sati shyhRg ergge BLER equa
to that W%EBSFQE%%% ng%%au 16&?%1!5%§Fi 3 1%)13511_1& tlﬁ)tsé%gg:‘/i n%ghege the
capaci ty perjgglhiity X the pi2Q SO I8 MBI OWe MIBF & Ry &n( & pf or mati on
transmssion rate in use of the entire radio bandw dth, p an insertion

| osg of gugnd intgryval gnandpiielpsyabelelr (she foeguepsy rigusg, and K the
nunber -of multi pl exed codes. 45

exponential distribution {(cf. Fig. 12B).

Since Document 2 presents the capacity evaluation
in the single-cell environment, the capacity
characteristics in the single-cell environment in the

10 variable spreading factor OFCDM will be first described
with reference to Fig. 13.

When in the single-cell environment comparison is
made as to the required average received Ep/N,
characteristics for average BLER = 107? (without

15 antenna diversity reception) against change in the
number of multiplexed codes, the number of multiplexed
codes in the OFCDM (SF = 32} satisfying the same
required average received Ep/N, as that in the OFDM (SF
= 1) is potentially up to 32 in the case of the 24-path

20 model, while it is about 20 in the case of the 18-path
model of the exponential distributicn, sc as to result
in the frequency utilization efficiency lower than in
the case of SF = 1. This 1is conceivably because the
decrease in the number of paths decreases the diversity

25 gain and the increase of the delay spread magnifies the

influence of ©breakdown of orthegonality on the
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28 FEBRUARY 2006 FP02-0191-00 R6 r1=S~' 1 F k The capgagi W F=1
(= rloer as a capacity per cell of OFDM is derived as ?&%&@Aﬂ‘%@@@oa 512

60 1 1=20.9Mops OFDM 1 .0512+10064 3~ 5 Furthernore, the capacity g with
SF = 32 (= forcDn as a capacity per cell of OFCDM is derived asFPEEH&S1-0
~0PCDM = 80x10 512 60 .1.16 = 31.4Mops 32 512+10064 1 This verifies that in
the multi-cell environnment the OFCDMis able to secure the capacity greater
than 10 the OFDM Nanely, SF is set greater than 1 to realize the frequency
reuse of 1 in the OFCDM thereby achieving the greater capacity. As

descri bed abbfeuengry @diSabl e spreading factor OFCDM using the variable
spreadi ng factor enploys SF > 15 1 and the nultiplication of scranbling
codes on the freqfiéfcyldxis§oms tthe mastiltcall semplanintte dredidee the
greater capacity by the cel| frequency reuse of 1, and SF =1 in the

si ngl e- cel | 28AVREBNNBRERt oChaaBrEerisRdcisncreasesst fhagdencinutihrezation
efficiency. 20 Since the cell environnents and propagati on 46 28 FEBRUARY
2006 FP02- 0n9mbed edfi r shiemRl e ed useadas p&ﬂéﬁﬁteﬁ&qﬂﬂmﬂ&ﬁlzﬁebh of

5 environment in the wvariable spreading factor OFCDM.
The preconditions were that average received Ey/N, at
the cell edge was 20 dB, antenna diversity reception
was taken into consideration, and no control was made
on transmit power.

10 As shown in the same figure, average BLER with SF
= 1 {the number of multiplexed codes is 1) is
approximately 107 (@ in Fig. 14), and the reason for
it is that influence of the co-channel interference
from the other cells is ‘great in the cell frequency

15 reuse of 3 to degrade the performance. It is seen from
the same figure that the number of multiplexed codes
with SF = 32 satisfying the average BLER equal to that
with SF = 1 is about 16 (@ in Fig. 14).

Let us define hére the capacity per cell n by the

20 equation below, where Ry, is an infcrmation transmission
rate in wuse of the entire radio bandwidth, [ an
insertion leoss of guard intervals and pilot symbols, F
the frequency reuse, and K the number of multiplexed

codes.
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SF, the connection between different cell environnents can be nade seanl ess
in the sane apparatus configuration. As a result, it i L& EEBRBIARY 3086ver a
5 wide cell coverage wi thout need for use of individual deVIC@@dZUOj§¥LOO
respective cell environnents. In the above exanpl es, the serial/paral
converter 45 corresponds to the converting neans, the spreading code
generator 50 to the spreading neans, the 10 delay spread acquiring function
of the radio transmtter/receiver 14 to the first spreading factor
determ ning neans, and the outside interface function of the controller "17
to the second s eading factor determ ning neans. The controller 29 of the
nobi l e 15 stallﬁm #00.c€rresponds to the spreading factor control receiving
means and t He degzihterface function of the controller 29 to the
spreadi ng factor determ ning neans of the receiver apparatus. Although the
enbodi ment descri bed above was 20 configured to estimate the variation of
propagation patfg aéaﬁa@iew ah NwiBRERE and pes form wei ght bagaeatsxhe basi s
thereof, it is also possible to conbine informtion synbol
t wo- di rrengj&na&ém COPi SN {dheged i eOYENSYr@XiSwand on the tl nme axis by the
copying 25 neans (Copier). By performng the weighting utilizing a
plurality of frequencies and tines as described, it 47 28 FEBRUARY 2006
FP0O2- 0191- 00 becoq?slkga |2h§ to 8 H:act a nore accurate received signa
agai nst vari tIOQ ti di,Peath. ﬂQO@Nﬁ;s

Torau 512+100 64§ d P

5 Furthermore, the capacity n with SF = 32 (= norcom

as a capacity per cell of OFCDM) is derived as follows.

-1 16 =31.4Mbps

_80x10° { 512 60)
Morcon = 3571 512+100 64

This verifies that in the multi-cell environment
the OFCDM is able to secure the capacity greater than
10 the OFDM. Namely, SF is set greater than 1 to realize
the frequency reuse of 1 in the OFCDM, thereby
achieving the greater capacity.
As described above, the variable spreading factor
OFCDM . using the variable spreading factor employs SF >
15 1 and the multiplication of scrambling codes on the
fregquency axis in the multi-cell environment to realize
the greater capacity by the cell frequency reuse of 1,
and SF = 1 in the single-cell environment to realize
the increase of frequency utilization efficiency.

20 Since the cell environments and propagation
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against the fading variation as well. Fromthe invention_thus described, it
wll be 5 obvious that the enbodi nents of the inventionzﬁgyBWELABékﬂEE in
many ways. Such variations are not to be regarded as a departug%dyg§2§ﬂy%0
spirit and scope of the invention, and all such nodifications as would "be
obvious to one skilled in the art are intended for 10 inclusion within the
scope of the followng clains. [Industrial Applicability In the present
invention; this radio transm ssion systemcan be nmade to act as an OFCDM or

OFDM syst eng oy  Ganging, the J.ad Oaga#%@r%gn%rte(}fs LB transmLler’ geand 15 °

receiver's spreading factor inthe sa 0 acceSs schene. For this

e and ST AGAND fol oo PLOXTRL RN dof oLnt [eotiiBnbgnoms, of

OFCDM and provi de a radi o access schene capabl € Feal i zi ng

| ar ge capa%ggy w%%h hﬁggefregggﬂggsgp u&blizgﬁgon g Ecie a£5@ﬁsnunber of
p nmeéti ng

communi cating users capable o e he required rece on quality per

cel ), I ndggendent. .0f Gl | confiqurations, apd Q03081 1D Siyly ogrent s.

Hence, it i's abl*e to provide ar ransni Ssion system configured to

1o S Reands LoeLo Lo leteak SIS A Al oLt Lo o ypayal RO ane
transm ssi @%vii%e‘é‘i %rc%lhle %\é%rez?:&%:ve‘l%ell environments.

In the above examples, the serial/parallel
converter 45 corresponds to the converting means, the
spreading code generator 50 to the spreading means, the

10 delay spread acquiring function of the radio
transmitter/receiver 14 to the first spreading factor
determining means, and the outside interface function
of the controller 17 to the second spreading factor
determining means. The controller 29 of the mobile

15 station 100 corresponds to the spreading factor control
receiving means and the outside interface function of
the controller 29 to the spreading factor determining
means of the receiver apparatus.

Although the embodiment described above was

20 configured to estimate the variation of propagaticn
paths at a certain moment and perform weighting on the
basis thereof, it is also possible to combine
information symbols two-dimensionally copied on the
frequency axis and on the time axis by the copying

25 means {(Copier). By performing fhe weighting utilizing

&2 plurality of frequencies and times as described, it
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28 FEBRUARY 2006 Clains 1. Atransmtter apparatus configured to perform
radi o transm ssion of information together with a receiv r usi ng
an orthogonal frequency and code division nultiplexing ?égﬁ% ?%gkgﬁmgﬁhene
of parallelly transmtting identical information by a plurality ﬁ
sub-carriers, the transmtter apparatus conprising: converting ngg g“P&?l“OO
paral lelly converting channel -coded information according to synbols
transmtted simultaneously; and spreadi ng nmeans for spreadi ng a sequence of
parallelized synbols in at |east one of a frequency direction and a ting
direction by a @gaging.cPde seqye readi ng factor determ ned

r ¥4

ce of a_s
based on a pet?roael ty % %a&long ttors A HAt ar 6<% zfrj?geealb?céejr%e ccordance

with at |east, gne of a cell Lconnment. and a. praopagati envj ronnent. 2.
The transni%b@fa mf %h%é?aggg¥8%§8ntg93€k%1Egmﬁhégi%éﬁ%ﬁ%ft%ée‘Spreading
means for spreading S nce of parallelized synbols in both a frequency
direction a gaénﬁﬁné%ﬁi&%ﬁ%Qﬁ1Wﬁf%§é%W%éﬁﬁHGQ% 'de sequence of a spreading
factor deternine% base gn.a\pl rq%it¥ of changea%lg spreadkgg factors. 3.
The transnitter appaFat s acddrding’t o "BV S ra>ChaT @i n Sai 8- 1tr fSnitter
conpri ses first spreading ctor determnin ans. for_obfaining.a

pr opggat i onoé%vliolpg'n%nﬁt i E%lgcfthbnog(?%m%%%sdi ??onr{%(?f éng?%géaxgt fugngtée( h between
the transnmitter and the receiver and determ ni sai d first readi ng

fact or accg]rV i &Sdtaomtﬁgngr o"ga fati o uec(rlj?vi‘? it #ﬁf&nﬁ. e rt@én%ﬁ% fqeer
apparatus a r.di to aiym 3, eretn said first ..spreadi f act.or

determ ni ng%% gnéi%o t%a r% éieéje%lré:y}seprfeﬁo i rt1g|eca pllnlbug %ﬁ%pasg%% |eonOPdeI ay

t i | d i i . 5. Th

P e Y ar e Al A e AnaPEEI] fird HSabE APZORLAON ST ML S The
_ accordi ne Lam | s -

o pe TEBUIGENT CATLRG T 8RE 1T AL AL TN da PO d JEntERBEE N o2 0
t ‘ e . . | et

appapat us a%%rl%'segn Q1 EhahmMipe g&gggegdtfge&%f Sfoclq%légor%@ﬂﬂg. act or

det erm ni ng nmeans determ nes sai actor according to
Industrial Applicability

In the present invention, this radio transmission
system can be made to act as an OrCDM or OFDM system by
changing the radio parameter of the transmitter’s and

15 receiver's spreading factor in the same radio access
scheme. For this reason, it becomes feasible to
provide flexible use of the twoc schemes of CFCDIM and
OFDM and to provide a radio access scheme capable of
realizing large capacity with high frequency

20 utilization efficiency (the number of communicating
users capable of meeting the required reception guality
per cell), independent of cell configuraticns and
propagation environments.

Hence, it is able to provide a radio transmission

25 system configured to vary spreading factors for

transmitted information through use of OFCDM and
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either information indicating a cell configuration or in |
designating a spreading factor, included in control inf%fﬁgﬁhG&G{Y2006

representing the command from outside. 50 28 FEBRUARY 2006 7. %@@§y%f/r_00
apparatus configured to receive a signal radio-transmtted using an

ort hogonal frequency and code division nultiplexing transm ssion schene
froma transmtter apparatus, said receiver apparatus conprising: spreading
factor control receiving neans for separating a receive signal received at
the receiver, into at ast, one..of sub-carriers_and.tine-axial nbol s and

i ntegrat i n}%%%%n???gif Ibe%%?d%%%g Pasca@e-tca %lalél?gll%ﬁéopi me- aXiar symbol s

t he nunber f which is equivalent to the spreading factor determ ned based
on the M|ﬂ9ﬁ'%3FQﬁer%%%hgeable spreadi ng factors, using a channe
estimation value and a specific spreading code sequence. 8. The receiver
apparatus according to Caim?7, wherein said receiver conprises: spreading
factor control receiving neans for separating a receive signal received at
the receiver, into both sub-carriers; and tinme-axial synbols and integrating
coherently both sub-carriers and tinme-axial synbols the nunber of which is
equivalent to the first spreading factor determ ned based on the plurality
of changeabl e spreading factors, using-'a channel estimtion value and a
specific spreading code sequence. 9. The receiver apparatus according to
Claim 7, wherein said spreading factor control receiving neans conprises
spreading factor determ ning neans for determning said first spreading
factor on the basis of control information included in a control signal
sent fromthe transmtter as a communi cating correspondent. 10. The receiver
apparatus according to Claim9, wherein said spreading factor determ ning
nmeans determines said first spreading factor according to either

information indicating a cell configuration or information designating a
spreading factor, included in the control signal fromthe transmtter
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11. A radio transm ssion method configured to, on the osgafipYURRY AfdsC
transm ssion of information between a transmtter and a recelver, pertform
the radio transm ssion of information using an orthogonal frequency and
code division nultiplexing transm ssion schene of parallelly transmtting
identical information by a plurality of sub-carriers, wherein converting
nmeans of said transmtter conprises a step of parallelly converting
channel - coded i nformati on accordi ng éo_s nbols transmtted simultaneously,
and 51 28 FEBRUARY 2006 wherein spre WMy means of said transmitter

conprises a step of ASphRaRRY afparBlYencRrf (PRERIErAGS dran¥iiRebs dfm at

| east one of a frequency direction and tinme direction by a spreading code
sequence afformapmetagether Patbt o recdber apparais, basserl aw erthogeial fizqiengy ainds pr eadi ng

factors that gre.changeabl.e in accordance w th at |east o of ,a,. cel

envi 1 onnenbus A AR Fe FeRpRS RS £ Puely dmaRitiag efion met nod
accor di ng iAferiatRinBy% plWhEEEs MubcRrRAN RO rdBaANEer @pparAud c&fhﬁﬁﬁﬁ%:t ter conprises
a step of spreading a sequence of parallelized synbols in both a frequency

direction and thmsrigng eweansn foy parsiilbyadonyerticpdehappguended offomnationeadi ng
factor determ.ned based on a.plurality of changeable spreading factors. 13.
The radi oaf(f'oﬁfgﬁi% I S%Oq%%?%%g%%%gl}lhﬁeau?% aim 11, wherein first

spreadi ng fact @pread@ihemidans fe JpRaldmgof sqmbfket sroeaNdilzed sEABMNE i$asledstst ep of

obtaining a propagation environment indicating a condition of a propagation
pat h bet weap of hdrequergystiiection aphd timedirestion \para spepding eqdei seivrice af @

spreading LAskEL ASRETHIORAD bh%a, B PR oL BT R ord oy T 1201 ©

transm ssi accordin ai m e I'r'st”'Spréadi ng

factor detcsigetlagn AeaRsarebivatinst asi@na ) ctlaghvirbaineat dndda propgApagat i on
del ay property and uses said delay spread as said propagation environnment.
15. The r &BY&nMe¥isni ssi on net hod according to Caim 11, wherein second

2. The transmitter apparatus according to Claim 1, wherein said the
spreading means for spreading a sequence of parallelized symbols in both a frequency
direction and a time direction by a spreading code sequence of a spreading factor
determined based on a plurality of changeable spreading factors.

3. The transmitter apparatus according to Claim 1, wherein said
transmitter comprises first spreading factor determining means for obtaining a
propagation environment indicating a condition of a propagation path between the
transmitter and the receiver and determining said first spreading factor according to
the propagation environment.

4, The transmitter apparatus according to Claim 3, wherein said first
spreading factor determining means obtains a delay spread indicating a propagation
delay property and uses said delay spread as said propagation environment.

5. The transmitter apparatus according to Claim 1, wherein said
transmitter comprises second spreading factor determining means for determining
said spreading factor on the basis of a command from outside.

6. The transmitter apparatus according to Claim 5, wherein said second
spreading factor determining means determines said spreading factor according to
either information indicating a cell configuration or information designating a
spreading factor, included in control information representing the command from

outside.
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spreadi ng factor determ ning nmeans of said transmtter Coﬁﬁﬁg@{@@t&%ﬁg?f

determ ning said spreading factor on the basis of a comma

16. The radio transm ssion nethod according to C aim 15, wherein said
second spreading factor determ ning neans determnes said first spreading
factor according to either information indicating a cell configuration or

information desi gnaA ire@ivr Sppaads tonfigatdto rédaBleUs gignalnradidd4@ittddl or mat i on
representing the conmmand fromoutside. 17. The radio transm ssion nethod
accor di ng Stecmprhogpnal fequsney aad cedsadlivisiqapulipledng HensmisEen sehsgeareans of

sai d receiygh aw%étép#&%ﬁﬁfQaiefr?ceg‘ﬁg?ﬁ(}%}"{tﬁ%c’%f{@ﬁ? ve signal received at

the receiver, into at one o rriers Nk ti me- axi al synbol s and
i ntegrati ng cohspreadingyfaator| emsto]l aneeivihg smbarsafari saparasing a tredeveaxigahl synbol s

t he nunber of ich is equivalent to the first spreading factor determ ned
based on trﬁ%e%ﬁ\gnlf’rté{‘]‘? fspely r,dp,tgrpégeaaa} 8“%5?%%“?&8&6’1‘%‘?%8@% IcHdhnel

et i Bl | 0l c@lliRg A0k En(PAGEAS o BY SAXK:Rert QHE ARASGmSR (REpERAARY 2000

18. The radi 0 transm ssi'on nethod according to Claim ereln spreading
fact or comfrwhich ecequialentrieahs spfeadiag dacterc détermrined bymeid sesthe Hoptyodf

_ Ceula oS oo gsmmsiogb g poost
and o o ARt e, HEERLTaetbR, G P ng EBHle PRI St He ST, B Fe and

tine-axi algpaypRelcsdd fQueiener of which is equivalent to the first spreading
factor determ ned based on the plurality of changeabl e spreading factors,
usi ng a channel3. est iThet ieoeiverabpraraugd accordipg ¢d fGlains 7y erddtieiy seiddecsigguence.
19. The radi o transm ssion nethod according to Caim1l7, wherein spreading
fact or detcgpmnﬁ?sng nmeans of said spreading factor control receiving nmeans

conprises a st epréaflindefRioT Sind] saééﬂviﬁ%r@&arﬁpf&agﬂpa&tiﬁgwé Qbcet ipRapasi s of
control information included in a control signal sent fromthe transmtter
as a conmuatated atghe reeryasiponbethisub-2aricshand aneaxial ayrshols shdmtegsatingd

250019 19 e T wlDSEEID 7L n B S ORI GE AR s
equivalent to the first spreading factor determined based on the plurality of
changeable spreading factors, using a channel estimation value and a specific
spreading code sequence.

9. The receiver apparatus according to Claim 7, wherein said spreading
factor control receiving means comprises spreading factor determining means for
determining said first spreading factor on the basis of control information included in
a control signal sent from the transmitter as a communicating correspondent.

10. The receiver apparatus according to Claim 9, wherein said spreading
factor determining means determines said first spreading factor according to either
information indicating a cell configuration or information designating a spreading
factor, included in the control signal from the transmitter.

11. A radio transmission method configured to, on the occasion of radio
transmission of information between a transmitter and a receiver, perform the radio
transmission of information using an orthogonal frequency and code division
multiplexing transmission scheme of parallelly transmitting identical information by a
plurality of sub-carriers,

wherein converting means of said transmitter comprises a step of parallelly

converting channel-coded information according to symbols transmitted

simultaneously, and
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to either information indicating a cell configuration or J j
AERRREARE 20ng

designating a spreading factor, included in the control

transmitter. 21. Atransmtter apparatus configured to performradio
transm ssion of information together with a receiver apparatus, using an
ort hogonal frequency and code division nmultiplexing transm ssion schene of
paral l el l'y trangridit ispgadidgmhdagalol shigfiensmitieddomyrigestd sieRlof syredding a
sub-carriers, the traﬂsm' tter a%gar atus conprising: converting nmeans for
par al | el | yeR5A%PE PAG! lelsA nymbebgigat ispss rangtich fregeensy dinggtian ard) fims| s

transm tt %@lreétﬁdﬂé%% ?%ﬁf&‘d&ihg cl?)HQ' s&R{eﬁ@edJ)ﬁ? sﬁﬁ@ﬁ%%‘ioﬁd&dﬁ?@gg&%a@ﬁ GRS of

paral lelized sy sina east™ one o eguency on and a tine

di rect i on phyalgy syfrspmdiing fanoke tbaquedeagedlain dccostingprhdi kgstfanetodn

det er mi ned ]li)ased on a ‘Edcur ality of changeable spreading factors. 22. The
transmitt &F SPPHPAYE e BogR OPGH‘CF(&F‘%HQI, conpri sing spreading nmeans for

spreading a seqgencernf -pas ardRhiighth SR Sack&raliRt po acgaﬁﬁq'é?n&bfergihr ection

and a time direction by a spreading code sequence of a first spreading
factor depenrdingedednasddsaph tanphittenlcomyriedfs © tepgefakjreading easkignenckasft ors. 23.

The transm tter apparatus .according to,.Claim2l1, coppri.si first., spreading
factor dgtpé‘?ﬁ'}felrﬁeﬁgspyﬁﬁ’aifsmfl?ﬂ?h 8 E%P%‘f%dl%?cg‘?lbﬁ%%am%ﬁgéw B%ﬁns@Fﬁadmigndi cating
a condi ti @pdOteeRiOPRYApieaMinRFhdloPeWRd Biseli'ANS Mirhidy FNGahfEblcecei ver
and determning said first spreading factor according to the propagation

envi r onmespreadisg PBIEEBRUARY 2006 24. The transnmitter apparatus according to
Cl aim 23, wherein sai.d fi.rst spreadi ng factor. determ ning ans obtains a
del ay spread i ﬁlal caﬁhﬁd?‘gop?%%{qnoweﬁgagIaﬁfprﬂ}n@p@ré(]Br_anlg’ J@%%elgzﬁ%ﬂ del ay
spread as sfl%hdin@ﬁ'&ﬂﬁgﬁtdrﬁﬂqiﬁ@ﬁieﬁmafd- traf8mitted @opARSH dtdof ARARNATLUS
according to Gaim2l, conprising second spreading factor determ ning neans
for det er protiageiagapryifonment gpsheddg rigedrelgtasr oba propagatiers pathofetaeaoiheand from

out 1 0o ST A S AP SRR ER R S8 BTG 5
factor acgmpi'gﬂgi dn@irehib@r i nformation indicating a cell configuration o?
i nformati on designating a

14, The radio transmission method according to Claim 13, wherein said
first spreading factor determining means obtains a delay spread indicating a
propagation delay property and uses said delay spread as said propagation
environment.

15. The radio transmission method according to Claim 11, wherein second
spreading factor determiming means of said transmitter comprises a step of
determining said spreading factor on the basis of a command from outside.

16. The radio transmission method according to Claim 15, wherein said
second spreading factor determining means determines said first spreading factor
according to either information indicating a cell configuration or information
designating a spreading factor, included in control information representing the
command from outside.

17. The radio transmission method according to Claim 11, wherein
spreading factor control receiving means of said receiver comprises a step of
separating a receive signal received at the receiver, into at least one of sub-carriers
and time-axial symbols and integrating coherently at least one of sub-carriers and
time-axial symbols the number of which is equivalent to the first spreading factor

determined based on the plurality of changeable spreading factors, using a channel

estimation value and a specific spreading code sequence.
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spreading factor, included in control infornation represepipgg UAER?QPU@M
from outside. 27 A receiver apparatus configured to receive a Si

radio-transmtted wusing an orthogonal frequency and code division

mul tiplexing transm ssion schene froma transmtter apparatus, said

recei ver apparatus conprising: spreading factor control receiving neans for
separating thelBeceiThe sidgnatansmasenvedttatl tiverding eov€aini 70 whertigast one
of sub-carriers d tinme-axial synbols and .integrating coherently at | east
one of suBPEARE eﬁggtoarﬁ?nfrphée%wa& T9SARB 0P s s3I ereREiBle COMBFISERhACHER ©f

equi val enfseﬁa%te g da Fe%Ew%l%'Ig%P'kéEQwE@%E B QELSLMNAE BoBASRI PR RH YT ﬁ‘? ity of

changeabl e spr factors, using a channel "estinmation value a
speci fic aspt s,saubqigarubnheegsﬁqlge:rmher.enaﬁbotﬁheb-tcmrwmd tappaxiat signtadethedi ng to

Claim 27, wh readi n factor cqntr elvin ns for

separ at | ngUIIE PLYBtbes SRR, b JEH SRrcee origh SRGRFIneY hes gt e

sub-carri %[Lfralﬂ‘}doft éHEﬁg@a’ﬁleakpr%é{dﬂ?Q'fa"'ct@rBduélﬂé eagél?ahhélges‘ﬁ?r%%mdh}’e aRPhh
sub-carriers and tine-axial synb he nufber which is equivalent to a
first spﬁp@:@ﬁmréﬁmmddeccmemmed based on a pI ur ality of changeable
spreadi ng fact S a .channel est tion val ue d a specjifi.c

spr eadi ng codeqéequgﬁgera ¥y, tr&FFﬁQlSF‘é’EeWﬁaﬁﬁgﬁfl&stc’a?ﬁ%%| ? YRETeNa m 27,
wherei n sapdading %’@éﬂérﬂﬂ:terfrﬁ‘ﬁh@rmé’uﬁ@bf Qdid f'sﬁx%@dﬁ{g @&té%ﬁ%o?%&in%eﬁeéﬁr eadi ng
factor determ ning neans for determning said first spreading factor on the

basi s of comprigds 4 ﬁﬁeprqfaiat@mlmlnglsadeﬁrst npreadlng)rf@qtvm ot aksis ehroftrdm t he
transmtter orr e receiver .?%i%al’ at us

boanra ng 1R RS RORNR, i So RehaSBRIEG e Fism B Ay i AR PR ane

det er m negogaipdnddni. st spreading factor according to either information
i ndi cating a ceI | configuration or infornation des;&natl ng a spreadi ng
factor, include@ i nThagadiorranemissicanaethpd gesardingt toahkirh t 1% mwhepan said

spreading factor determining means determines said first spreading factor according
to either information indicating a cell configuration or information designating a
spreading factor, included in the control signal from the transmitter.

21. A transmitter apparatus configured to perform radio transmission of
information together with a receiver apparatus, using an orthogonal frequency and
code division multiplexing transmission scheme of parallelly transmitting identical
information by a plurality of sub-carriers, the transmitter apparatus comprising:

converting means for parallelly converting channel-coded information
according to symbols transmitted simultaneously and

spreading means for spreading a sequence of parallelized symbols in at least
one of a frequency direction and a time direction by a spreading code sequence of a
first spreading factor determined based on a plurality of changeable spreading factors.

22.  The transmitter apparatus according to Claim 21, comprising spreading
means for spreading a sequence of parallelized symbols in both a frequency direction
and a time direction by a spreading code sequence of a first spreading factor
determined based on a plurality of changeable spreading factors.

23.  The transmitter apparatus according to Claim 21, comprising first
spreading factor determining means for obtaining a propagation environment
indicating a condition of a propagation path between the transmitter and the receiver

and determining said first spreading factor according to the propagation environment.
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28 FEBRUARY 2006

24. The transmitter apparatus according to Claim 23, wherein said first
spreading factor determining means obtains a delay spread indicating a propagation
delay property and uses said delay spread as said propagation environment.

25.  The transmitter apparatus according to Claim 21, comprising second
spreading factor determining means for determining said first spreading factor on the
basis of a command from outside.

26.  The transmitter apparatus according to Claim 25, wherein said second
spreading factor determining means determines said first spreading factor according
to either information indicating a cell configuration or information designating a
spreading factor, included in control information representing the command from
outside.

27. A receiver apparatus configured to receive a signal radio-transmitted
using an orthogonal frequency and code division multiplexing transmission scheme
from a transmitter apparatus, said receiver apparatus comprising;

spreading factor control receiving means for separating the receive signal
received at the receiver, into at least one of sub-carriers and time-axial symbols and
integrating coherently at least one of sub-carriers and time-axial symbols the number
of which is equivalent to a first spreading factor determined based on a plurality of
changeable spreading factors, using a channel estimation value and a specific
spreading code sequence.

28.  The receiver apparatus according to Claim 27, wherein said spreading
factor control receiving means for separating the receive signal received at the
receiver, into both sub-carriers and time-axial symbols and integrating coherently
both sub-carriers and time-axial symbols the number of which is equivalent to a first
spreading factor determined based on a plurality of changeable spreading factors,
using a channel estimation value and a specific spreading code sequence.

29.  The receiver apparatus according to Claim 27, wherein said spreading
factor control receiving means comprises spreading factor determining means for
determining said first spreading factor on the basis of control information included in
a control signal sent from the transmitter as a communicating correspondent.

30.  The receiver apparatus according to Claim 29, wherein said spreading
factor determining means determines said first spreading factor according to either
information indicating a cell configuration or information designating a spreading

factor, included in the control signal from the transmitter.
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