-1- DESCRIPTION TWO-DIMENSIONAL CODE SPREADING FOR INTERLEAVED FDMA SYSTEM
5 TECHNICAL FIELD The present invention generally relates to a wireless communication
technique irMeOmUI6e8ess environment, and more particularly, to a technid@& 520G Qp5$eng
two-dimensional code spreading to interleaved FDMA to reduce other-cell interference and multiple
access interference. BACKGROUND ART 15The sﬁéétacular growth of video, voice, and data
communications over the Internet and the equally rapid upsurge of mobile telephony are spurring
wideband multiple access research to provide vgpshigh gigtgfate transmission in wireless
communication systems. Direct 20 sequence code division multiple access (DS-CDMA) is one of the
effective wireless access technologies for supporting high system capacity, including variable and high
data rate transmissi@wee/DDEENSIORNS:COMA MSBREFEDIACD (HOR i BMEGEENUEON itetess
communication 25 systems. See 3GPP Specificaticg&lgegyﬁ Page:
http://lwww.3gpp.org/specs/specs.htm. Owing to its one-cell frequency reuse, DS-CDMA is
advantageofs in bandwidth efficiency compared to time-division multiple access (TDMA) in a multi-cell
environment. Howerak 28ngonwentipnal single-carrier DS-CDMA systems are associated with multiple
access interfaces (MAI), which limits the maximum data rate and the system capacity that can be
supported for available 'THhdRFGRCLE- d8YEHAHPR ITRPEESAVIrd i@ RE vittPisBlated or fewer
co-existing cells notrtakegsful @avantagetafanecesl hitdquencymreasen ambinag: sghogonal
frequencydIVISlognvironment, and more particularly, to a technique for
10 applying two-dimensional code spreading to interleaved
FDMA to reduce other-cell interference and multiple

access interference.

BACKGROUND ART

15 " The spectacular growth of video, voice, and data
communications over the Internet and the equally rapid
upsurge of mobile telephony are spurring wideband
multiple access research to provide very high data rate
transmission in wireless communication systems. Direct

20 sequence code division multiple access (DS-CDMA) is one
of the effective wireless access technologies for
supporting high system capacity, including variable and
high data rate transmission services, and DS-CDMA has
been adopted in 3rd generation wireless communication

25 systems. See’3GPP Specification Home Page:
http://www.3gpp.org/specs/specs.htm. Owing to its one-
cell frequency reuse, DS-CDMA is advantageous in
bandwidth efficiency compared to time-division multiple
access (TDMA) in a multi-cell environment. However,

30 conventional single-carrier DS-CDMA systems are
associated with multiple access interfaces (MAI), which
limits the maximum data rate and the system capacity

that can be supported for available bandwidth,



5 multiplexing (OFDM) and COMA, which is called multicarrier COMA (MC-CDMA), can improve
channel capacity utilization under multipath interference and frequency selective fading reception by

multipath deM X1p18Pe&%on and diversity gain. See S. Hara and R. 10 Prad4dl/JE 8N EN36f
Multicarrier COMA", IEEE Comm. Mag., pp 126-13?_>,2[_)ec. 1997. MC-CDMA has been proposed as a
candidate for future wireless communication systems. Even though this technology can support high
data rates and multiple users, it suffers from high peak-to-average 15 power ratio (PAPR) problems
and high sensitivity e &reguepcy affseit REprtiserandrehamsiet estimation eonss ckhese limit the
applicability of MC-CDMA in practical wireless environments. Recently, interleaved frequency-division
multiple- 20 acce %w(ﬁ'—rDﬁl%\)%}élssotele%qnﬁggécse g(s%argnaeﬁa\é/vl% e%‘é%% Sapgr\ergal_%%g(e:m?r% multiple
access scheme fonbotteddwhimiqarc aplindemsbile communications. See M. Schnel and I. De Broeck,

"A promising new widepapgl mylti egfgﬁggjg%qmcﬂgrqtgg{{g qbilg; caryunication systems”, 25
European Trans. on Telecomm., Vol. 10, No. 4, pp. 417-427, Jul.-Aug., 1999; and M. Schnel and I. De

Broeck, "InterleaP¥d FOMAXERdaliZEBY ardnb dedtBerfothisfieelif nfsHitkS@dio applications”, IEEE
ICC '99, pp. 1938ni Pé4cdwr-ik89% IME basis-idprAehingh - DMPArs e cerbiiia30 spread-spectrum
multicarrier transmissionés’pread signal bandwid&h throug@ si%r]gl compre ion and re %tition) with
frequency-divisio%alxﬁﬁﬁijp -aggelslsl Rfltouélvo% MAI and be caﬁgb 80T ac Ille(%/‘lenga requency
diversity. -3- SinfedED&HTIs @@ bethbdgoeal fadliiple aceespsthemey theré is,phédrededldy no MAI in

IFDMA systems. £ompaeckig MC-GOMA QU apdiTOMA, JF8MA;shaws sqvgral additonal

advantages including continuous transmission 5 and constant envelope (low PAPR).  More recently,

variable spF8adiRFasa @nip repefticieracl CHVIBLSSCREICISIE has He'h fropdsed'@da
promising candigse grapling broadhandwirelesgaccess Iaas Yook, P dpywauess H Atarashi,

and M. 10 Sawahashi,."Variable spreading and, chip repetition factor (VSCR%—(% MA in reverse link
i et o PR b5e g 2

for broadband wir&Bg4 33&&ss ) RC"05® ep. 268&“}{‘8&%%%%%% With"CDMA to take

advan_tages of p@haepmimggihstﬁ@@piﬁmmvm-G)MAWOhlag@r siatadingtes. 15 code
domain spreading a5 in GRMA and; chip:compresgippapd-repeifian (GCR) spreaging,as iyEDMA. In

a multi-cell cellular system, VSCRF-CDMA sets the chip-repetition factor (CRF), which represents the

number of Li3ers REEarr BE SRpPBARER by RICR spFeacding foisHe, spsitivity to

frequency offset, RF noise, and channel estimation
errors. These limit the applicability of MC-CDMA in
practical wireless environments.

‘ Recently, interleaved frequency-division multiple-

20 access (IFDMA) has been introduced as a new wideband
spread-spectrum multiple access scheme for both downlink
and uplink mobile communications. See M. Schnel and I.
De Broeck, “A promising new wideband multiple-access
scheme for future mobile communication systems”,

25 European Trans. on Telecomm., Vol. 10, No. 4, pp. 417-
427, Jul.-Aug., 1999; and M. Schnel and I. De Broeck,
“Interleaved FDMA: Equalization and coded performance in
mobile radio applications”, IEEE ICC ’99, pp. 1939-1944,
Jun. 1999. The basic idea behind IFDMA is to combine

30 spread-spectrum multicarrier transmission (spread signal
bandwidth through signal compression and repetition)
with frequency-division multiple-access (FDMA) to avoid

MAI and be capable of achieving frequency diversity.



20 it works just like a DS-CDMA system to realize one-cell frequency reuse. In a hot-spot system, CRF
is set to more than one and total spreading factor (TSF) is the multiplication of CRF with the
code-domai¥y gadmgactor (CSF). Orthogonality between users is maintBi#Er20884Yi0bBence MAI is
minimized by the introduced CCR spreading in the hot-spot systems as in IFDMA. Furthermore,
seamless handoff can be realized for users going ffot one to another between the cellular system and
the hot-spot system, due to the same air interface 30 being deployed.  Other-cell interference (OCI)

and MAI issues aferacialiiairglesa SORMHIGRLIRIN SYRiemsfaksReatiary utiizatipn efficiency and
system capacity. Although -4- IFDMA is capable of eliminating MAI using CCR spreading, it cannot
handle interfererfd& & bthe-OSRGR tHE & amer cdtfeMPdquehch PR iS ¥RESHSe OCR spreading

has only limited t¢egfereace sbpMessimrcapabiity ferrbdthersene camien frelgoescyaudike code
spreading gain or ¢channel coding.gain, although IEDMA realizes, arthogonality_between.users at
different carrier régtq%le@nlc?e%%% %%l—ggR}I%\a.l?—?esnc?%enocnleql\éé{lﬁec(f&gﬁ:cﬁl}lr%aqég cjggﬁgts be realized in IFDMA
systems. 100FDMAhEeUSISCRFCPRIRPtiddted thiBPRablem by using CDMA spreading in cellular

systems and code spraaging cigdad with (,}Qgiggggdi@ﬂg&’@gﬁgowt@n%%r cellular systems,
other-cell interference (OCI) is minimized through usiiga% CDMA code spreading gains and 15

scrambling code5$8ETahtionTzing Fefeftii@. Y ROREe MM br RBEsPSEhRERRRTRS EBMA
spreading is not peffooned begauvse af sishstamiatlydpwéen®© G rduleddAdissedated oy IFDMA-based

CCR in each cell, Since OCR sp ad{'g iS more able of majntaipjng 20 orthoggnality between
different users th%cr:lcc?o%se's%%gd:ﬁg, ’sp‘rfe'adiﬁagﬂﬁrsnﬁléﬁ/’hzﬂga . |g%re?%lrlléf_itygt?1§m%bde spreading
to combat MAI. Bewaddes Bpreadifinald € RFPCEMA itga freduehdpdarRRt dipreading, and the

orthogonality betweendifferest Rpreasing cqdes o235 both sarambling angghanelization codes) is

subject to frequency selectivity fading or dela sgread of the channel. In a freqluency selective wireless
channel. CSF wireless access”™, IEE IMRC "03, Sep. 2003. It cOmbines

IFDMA with CDMA to take advantages of both technologies.
Specifically, VSCRF-CDMA uses two-layer spreading, i.e.
15 code domain spreading as in CDMA and chip-compression-
and-repetition (CCR) spreading as in IFDMA. In a multi-
cell cellular system, VSCRF-CDMA sets the chip-
repetition factor (CRF), which represents the number of
users who can be supported by CCR spreading, to one, and
20 it works just like a DS-CDMA system to realize one-cell
frequency reuse. In a hot-spot system, CRF is set to
more than one and total spreading factor (TSF) is the
multiplication of CRF with the code-domain spreading
factor (CSF). Orthogonality between users is maintained,
25 and hence MAI is minimized by the introduced CCR
spreading in the hot-spot systems as in IFDMA.
Furthermore, seamless handoff can be realized for users
going from one to another between the cellular system
and the hot-spot system, due to the same air interface
30 being deployed.
Other-cell interference (OCI) and MAI issues are
crucial in wireless communication systems for spectrum

utilization efficiency and system capacity. Although



has to be small enough to maintain code orthogonality after passing through the channel. Therefore,
VSCRF-CDMA 30 has limited OCT suppression capability owing to small CSF.  Another cost of
using IFDM¥ QR§WEE#E_CDMA to achieve the aforementioned advantagddERMBAT038E multiple
access techniques is to allow inter-symbol interferegﬁe_ (ISl). To reduce the ISI effect significantly, an
optimal equalizer based on maximum-likelihood sequence estimation (MLSE) has to be employed 5 at
the receiver. The MLSE equalizer has higher complexity and it increases exponentially along with the

Q factor, which ig tmAaumbecapsynbols pes blackn@ipitidosknfor peifagmigreppiiécr) tadp
transmitted in IFDMA or the number. of chips per block (unit block for 10 performing repetition after
CDMA spreadind)hﬂn%ﬁﬁgfﬁ\ﬂgle Jrr?%grge%r%mﬁﬁ%ﬂglfsomc%gﬁ]é og%ﬁa%alir%g O%%eand hence it is
difficult for IFDM&esysteras 10 eqalizeameeeatifre Ueney reube 048 ER F-CR M neitigditeg this problem

15 by combining,| EDM® yithiGRIMA Hawever el pag Imited BEL supiessionaapability when using

only frequency domain spreading with a small spreading factor. Furthermore, both IFDMA and
VSCRF-CDRA rERGiré #RecGRplekaviL SESfEIsaoy atthd rkEeiveAe her&BAc ¥REred20- i a need to

combat OCI andd¥Atsisnienegyslyrandyaeres, etiitiendigand toredueedeeeiwer complexity
substantially. DISCLOSURE OF THE INVENTION 25The %Lfi?m inv?’ntion is conceived to overcome
provi

at least one of tHeABRSIRBRTorel MBbILHTE akd Bfifis & & AWirel&SS Edfunication technique,
including a transhitteluareteiven = trandriiddionHasthe doaredt-apidgring gapable ofaedecing

(r)etrggir\;(é(raljsim(zgjergg}ggo@(ggI%ggq mgplgl@cggmtgﬁrggﬁg (MAI), as well as complexity in

10 IFDMA-based VSCRF-CDMA mitigates this problem by
using CDMA spreading in cellular systems and code
spreading coupled with CCR spreading in hot—épot systems.
For cellular systems, other-cell interference (OCI) 1is
minimized through using CDMA code spreading gains and

15 scrambling codes for randomizing interference. In
isolated-cell or hot-spot environments, CDMA spreading
is not performed because of substantially lower OCI
while MAI is reduced by IFDMA-based CCR in each cell.
Since CCR spreading is more capable of maintaining

20 orthogonality between different users than code
spreading, CCR spreading usually has a higher priority
than code spreading to combat MAI. The code spreading in
VSCRF-CDMA is a frequency domain spreading, and the
orthogonality between different spreading codes (for

25 Dboth scrambling and channelization codes) is subject to
fréquency selectivity fading or delay spread of the
channel. In a frequency selective wireless channel, CSF
has to be small enough to maintain code orthogonality
after passing through the channel. Therefore, VSCRF-CDMA

30 has limited OCI suppression capability owing to small
CSF.

Another cost of using IFDMA and VSCRF-CDMA to

achieve the aforementioned advantages over other



To reduce OCI and MAI and to prevent the receiver structure from becoming complicated,
two-dimensional -6- code spreading is introduced in IFDMA systems. In one aspect of the
invention, aWarkedEI8i provided. The transmitter comprises: (a) a first HHEABMOPEANSEONfigured to
multiply each 5 of multiple data symbols with a first sg)reading code sequence of a first spreading
factor; (b) a compression and repetition unit configured to compress the output signals of the first
spreading unit in time domain and repeat the compressed signal L times 10 (where L is a natural

number greater than.oreosial 1o-2) <(C} adHipsguredylatien, ugit copfigyred,to spultiply the output of the

compression and repetition unit with a user dependent phase and output a data block consisting 15 of

L sub-blocks; (d}A<Icbrapréading ihit chbRfigHIAs rEpfcats thédaeBock according to a second
spreading factor singmbaltiphhedch, seirofdbe iaplCateshsilb-blockd hagingon Saaeicatent with a
second spreading.code.sequence of 20 the second spreadi or.to produce a two-dimensionally
spread signal, ar%qigfé%v???é?essse ﬁgﬁgrﬁless%sngulﬁr}? ?gr%%u@% tt%?tsrz:ﬁlléarsr?it ﬁe%ﬁo-edﬂ%%ﬁgi%ﬁalvly
spread signal usiry &kihghecadries rranthesdidis Ecleame 123iaanvisehdgpeet of the invention, a

receiver configuregig eSS tiansmitted symbol ko gespeead dataysymRiolg is,piayidec The

receiver comprises:_(a) a receiving unit configured to receive a prescribed number (SF) of data blocks
transmitted by a Sin&“8F caiffet Hansmiddich BURRRE, SdcIPHBER LEnBI&Eind bPESubMdtks; (b) a
first despreadingouriteorffigriree t& onstinly cashset 6fish  sub-becksdanarfiisitspeading code of a

IFDMA or the number of chips per block (unit block for
10 performing repetition after CDMA spreading) in VSCRF-
CDMA.

In general, IFDMA is incapable of handling OCI and
hence it is difficult for IFDMA systems to realize one-
cell frequency reuse. VSCRF-CDMA mitigates this problem

15 Dby combining IFDMA with CDMA. However, it has limited
OCI suppression capability when using only frequency
domain spreading with a small spreading factor.
Furthermore, both IFDMA and VSCRF-CDMA require the
complex MLSE detection at the receiver. Therefore, there

20 is a need to combat OCI and MAI simultaneously and more
efficiently, and to reduce receiver complexity

substantially.

DISCLOSURE OF THE INVENTION

25 The present invention is conceived to overcome at
least one of the aforementioned problems and aims to
provide a wireless communication technique, including a
"transmitter, a receiver, a transmission method and a
program, capable of reducing other-cell interference

30 (OCI) and multiple access interference (MAI), as well as
complexity in receiver structure.

To reduce OCI and MAI and to prevent the receiver

structure from becoming complicated, two-dimensional



-7- spreading factor SF; (c) a phase demodulation unit configured to multiply the output of the first
despreading unit with a user dependent phase to perform phase demodulation; 5 (d) a second
dispreadingWRi2¢WMEE*d to multiply each of elements defining the phaseF§eriBaW 853 fynal with a
second spreading code of a spreading factor SFE a_r}?_output data symbols, where L, SFt and SFr are
natural numbers greater than or equal to 2. 10By periorming two-dimensional code spreading (in
frequency domain and time domain) for IFDMA, other-cell interference (OCI) and multiple access
interference (MAtern b redidatgn verelass-eamoudidationtgysteny.ssisae 2CS-IFDMA is
applicable in both cellular and 15 hot-%tgs%s&q&ms,.seamlﬁss handof{?gtweelnttpe two systems will be

supported. BRIEF DE \=AR{OINKS)= WINGS Otiel teatures arﬁa%dvaﬁ%gleg of the
invention will 20 beevréadorelagpdreanfromtthe folkwmpy deesiled description when read in

conjunction with {he agcqmpanying ALawings, nykicBSE; dds apschsmaliedioakdiagram of a
transmitter of a 2CS-IFDMA transceiver according to an 25 embodiment of the invention; FIG. 2

illustrates operaffndibFid8 boit B9 tie fXMENMfershbhvdinFiEs Y, PRS2 LRecr&AStic diagram

illustrating an  sequence of a first spreading factor;
(b) a compression and repetition unit configured to
compress the output signals of the first spreading unit
in time domain and repeat the compressed signal L times

10 (where L 1s a natural number greater than or equal to
2);

(c) a phase modulation unit configured to multiply the
output of the compression and repetition unit with a
user dependent phase and output a data block consisting

15 of L sub-blocks;

(d) a second spreading unit configured to replicate the
data block according to a second spreading factor and
multiply each set of the replicated sub-blocks having a
same content with a second spreading code sequence of

20 the second spreading factor to produce a two-
dimensionally spread signal; and
(e) a wireless transmission unit configured to transmit
the two-dimensionally spread signal using a single-
carrier transmission scheme.

25 In another aspect of the invention, a receiver
configured to recover transmitted symbols from despread
data symbols is provided. The receiver comprises:

(a) a receiving unit configured té receive a prescribed
number (SF.) of data blocks transmitted by é single-

30 carrier transmission scheme, each block consisting of L
sub-blocks;

(b) a first despreading unit configured to multiply each

set of SF. sub-blocks by a first spreading code of a



example of frequency spectra in VSCRF-IFDMA 30 transmission; FIG. 4 is a schematic block diagram
of a receiver of a 2C5-IFDMA transceiver according to an embodiment of the invention; and -8-

FIG. 5 illustNi@203p/8538ins carried out by the receiver shown in FIG. 4. PEVMBBIDBESCRIPTION
OF THE PREFERRED EMBODIMENT 5[Description of Notations] 11 VSCRF-CDMA processing unit
12 frequency domain spreading unit 13 IFDMA procé§§ing unit 14 compression and repetition unit
1015 phase modulator 16 time domain spreading unit 17 data output unit 18 spreading factor controller
41 time domain_dgﬁpéeaqpi'pl% upit 1542 pg”pts;e demodulator 43 fast Fourier transform (FFT) unit

(c) a phase demodulation unit configured to multiply the
output of the first despreading unit with a user
dependent phase to perform phase demodulation;

5 (d) a second dispreading unit configured to multiply
each of elements defining the phase demodulated signal
with a second spreading code of a spreading factor SF¢
and output data symbols, where L, SF¢ and SFf are natural
numbers greater than or equal to 2.

10 By performing two-dimensional code spreading (in
frequency domain and time domain) for IFDMA, other-cell
interference (OCI) and multiple access interference
(MAI) can be reduced in wireless communication systems.

Since 2CS-IFDMA is applicable in both cellular and

15 hot-spot systems, seamless handoff between the two

systems will be supported.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the invention will
20 become more apparent from the following detailed
description when read in conjunction with the
accompanying drawings, in which
FIG. 1 is a schematic block diagram of a
transmitter of a 2CS-IFDMA transceiver according to an
25 embodiment of the invention; _
FIG. 2 illustrates operations carried out by the
transmitter shown in FIG. 1;
FIG. 3 is a schematic diagram illustrating an
example of frequency spectra in VSCRF-IFDMA
30 transmission;
FIG. 4 is a schematic block diagram of a receiver
of a 2CS-IFDMA transceiver according to an embodiment of

the invention; and



44 frequency domain equalizer 45 inverse fast Fourier transform (IFFT) unit 46 frequency domain
despreading unit 2047 spreading factor controller [Best Mode of Carrying Out the Invention] The
preferred eMSdEIMER¥the present invention is described below in conjurRGbRAMISHEEftached
drawings. 25First, the basic idea of the present invenéion is explained. Two-dimensional code
spreading for interleaved FDMA (2CS-IFDMA) is simiiar to VSCRF-CDMA in concept, that is,
introducing code spreading in an IFDMA system. A new dimension, time domain, is incorporated 30

into code spreading on tas0f flequancytdeibain YPezding@sdn GaYeCRI-cRMA pysiean. However,
the two-dimensional spreadin% of 2CS-IFDMA of the present invention is not a straightforward

extension to freq0&NE d6tha adihg™ %% 0fAYSCRF-CDMA. Since in VSCRF-CDMA or IFDMA
systems, a single carrier scheme is employed and the time domain is not readily separated from

frequency domaiReHRlikerf, MyHleartish By COMA syStomsSxiSino iR ifigRRienal 5 code

spreading techniques, which are based on multicarrier DSA-CDMA systems, cannot be simply applied
to IFDMA sy3tems as tHEE&er 1P A eRe pleatad eksdiment, time domain spreading is performed

in addition to frequencyidomainepreating p e JORE Wre REacise, copies or replicas of a data block,
p HET . .
which data block has 23;%1 %t%t%ected to frequency domain code spreading, compression and
ufati

repetition, and phase BUSRSh2HR01R HecSRERRE Wt thé'Spreading factor of a time domain
spreading code, and a $&t df I3V phicas-ebeadcigolthetsub-blocks in the data block are multiplied by

the time domain spreadjng ggql%§ggléqr5(}§. Asa {%%gtt iethg}g%ﬂ{s increased for each

10 15 phase modulator

16 time domain spreading unit

17 data output unit

18 spreading factor controller

41 time domain despreading unit

15 42 phase demodulator

43 fast Fourier transform (FFT) unit

44 frequency domain equalizer

45 inverse fast Fourier transform (IFFT) unit

46 frequency domain despreading unit

20 47 spreading factor controller

[Best Mode of Carrying Out the Invention]

The preferred embodiment of the present invention
is described below in conjunction with the attached
drawings.

25 First, the basic idea of the present invention is
explained. Two-dimensional code spreading for
interleaved FDMA (2CS-IFDMA) is similar to VSCRF-CDMA in
concept, that is, introducing code spreading in an IFDMA
system. A new dimension, time domain, is incorporated

30 into code spreading on top of frequency domain spreading
as in a VSCRF-CDMA system. However, the two-dimensional
spreading of 2CS-IFDMA of the present invention is not a

straightforward extension to frequency domain spreading



information item to be transmitted, as compared with conventional VSCRF-CDMA, to the extent of the
20 replication. Because reliability of data transmission is improved along with the increase in
redundancyMRis’@@A’0e is especially advantageous for uplink transmiss®nlidRAMEAH8Pe emphasis
is placed on signal transmission reliability. 25Time dgmain spreading is generally more capable of
maintaining code orthogonality in a wireless channelikely to be subjected to frequency selective
fading. Variations are usually negligible in the time domain for the duration of one or a few IFDMA

symbols compared wihc3(-freamancysdersainivariaiions—-cembingd withireqyeaergamain spreading,
2C5-IFDMA accordin% to the embodiment can ¢combat fading channels more efficiently because code

spreading factor$’ § SrFeGUerRS oRTains ntlPdE YS8- aBftsidtfadcdr§indIBEhANAE! statistical
conditions, such aeDomﬂekiﬂpread;ﬁamdnmt@ty) and gdetmcypreaddfraquendyisadedtivity).
2C3-IFDMA has g belier QG aprigssiop gargfiliiban SAGRE DM begasedbe s ptal
spreading factor can be maintained large by increasing the time domain spreading factor even if the
frequency démaifieffe&iiRg 38BOisteahee@BsmbMHEEhipOMsressiodand repetition (CCR) with

orthogonalizatiomgf sifniitaneeuslp gacessing ysarsdnsl0 bedrraueansy somaig. 2691EDMA has
more power and flexibility to reduce MAI or accommodate more users. Moreover, a large spreading
factor in the timedomain (SFHY Wi BiilyAfcdmififiRaFcomplexity increase at the receiver because of
frequency domain equdiizethempieybelr b Enbodimmean > t imdGddms arblegkrdiagdany of the

transmitter of a 2CS- t \Y single user, T smitter is typicall lied to mobile
or cellular devicés;ssh Q{é%/lgréﬁér?aﬁeaz%% |§ (%glgo?héér dEe?/l eesg%%er%%ﬁ%%srﬁﬁ%%%ﬁﬁo%é a
VSCRF-CBNIA pfecéssimpufit RISE Hifio dGPRFESHreadingruriices Pdad slapat etk and a

spreading factor gpatallelakt HERCREsCHMA PLgspsingednit 1 icdufies2 regyugrgyrdomain
spreading unit 12, and an IEFDMA processing unit 13 which further 25 includes a compression and

repetition unit 148 a PREEE MG afGPTB L €S SHAPVRRRERNMALBResdRG uRR 43S preads data
symbols using a«STRE{GONA solemeadmndioutpatscthéatata syintiolsSeread i ki tigquency
domain. To be mpte 80,pregisg. daiaymhals having beensublected (g ghannlgpcing and data
modulation are input to the frequency domain spreading unit"12, which unit multiplies the input data
symbols with a sprIabhsG eodd tepeHowd cblle sub-blocks in the data block are

multiplied by the time domain spreading code sequence.
As a result, redundancy is increased for each
information item to be transmitted, as compared with
conventional VSCRF-CDMA, to the extent of the

20 replication. Because reliability of data transmission is
improved along with the increase in redundancy, this
technique is especially advantageous for uplink
transmission in which more emphasis is placed on signal
transmission reliability.

25 Time domain spreading is generally more capable of
maintaining code orthogonality in a wireless channel
likely to be subjected to frequency selective fading.
Variations are usually negligible in the time domain for
the duration of one or a few IFDMA Symbols compared with

30 frequency domain variations. Combined with frequency
domain spreading, 2CS-IFDMA according to the embodiment
can combat fading channels more efficiently because code

spreading factors in time and frequency domains may be



spreading in the frequency domain and supplies the code spread data symbols to the IFDMA
processing unit 13. In the IFDMA processing unit 13 configured to produce a signal using an

interleaved BPIONERFEMe, the compression 5 and repetition unit 14 comprESEELIPBAERdency
domain code spread data symbols along the time axis, and repeats the compressed data symbols a

prescribed number of times. The phase modulator 15 ultiplies the compressed and repeated data.
symbols with a phase for 10 each user (to perform phase modulation) to make data items of individual

users distinctive fefsaeiotieEo rdTh8g tiree daEidie spreadings+nitha makesiGopiessor replicas of a
phase modulated data block with_a prescribed length, and multjﬁ)lies the replicated data 15 blocks with

a time domain spTR&EHingTodRREEEntB TS PRrioHh OB SgPekting i iheftde Woridin.  The data
output unit 17 ouputedkie fjine=cpraayspedd ciaiarsymbolsaosha RPMardecessiaghmitt{aot shown).

20The spreadingof@ftoglfglgggggr%%ag%ﬁ%&%?lﬂogggwe%%f_rmcged&mgig shygading code

sequence (or spreading factor) an spreading code sequence (or spreading factor)

according tinsthftiah sigrzas dimigh SigHat N3 b geBahiNediZB By ¥ grdaxling factor controller

18 or supplied fram-a-eautaEPArheO M I GRIRAINP ASGEERNTINGN £aATBUNIERN. {Typigally, such
instruction signals are determined by a base station according to the t{flink channe| conditions. In this

embodiment, thetbBI SR $Hre S8 ¥RcOP EPSR) RIHASERTed Ss AFTEGES of CFEFTENY domain
code spreading faktqy (E&kpareSkst) on chipdcampres sioncand (@pRiitier factor (CCR), and a time

domai ding.fagtor (SE), | i, 242 flyctuation.| i
it Sl Shanne] R SR ARG Ure Gore SIS0 Bt o e S ard CCRIS it mallr,

while increb8ing S, thnRanedlR Yhafarsymbet SrthE5¥ alibR ashuich BSP6%siBRASFIG. 2 illustrates

operations carrieghqut ftyithe tkansanitteshavmitiFIG: 1 Signals sapiesaptes Ryseysbols A through E

in FIG. 2 correspond to those appearing at nodes A through F shown jn FIG. 1. (A) Channel coded and
modulated data %S&g%ﬂf’df ](ﬁ)rge spreading factor in the time dOmain

(SFT) will only incur minimal complexity increase at the
receiver because of frequency domain equalizers employed.
15 <Embodiment 1> '

FIG. 1 is a block diagram of the transmitter of a
2CS-OFDMA transceiver of a single user. The transmitter
is typically applied to mobile or cellular devices;
however, it may be applied to other devices. The

20 transmitter includes a VSCRF-CDMA processing unit 11, a
time domain spreading unit 16, a data output unit 17,
and a spreading factor controller 18. The VSCRF-CDMA
processing unit 11 includes a frequency domain spreading
unit 12, and an IFDMA processing unit 13 which further

25 includes a compression and repetition unit 14 and a
phase modulator 15.

The VSCRF-CDMA processing unit 11 spreads data
symbols using a VSCRF-CDMA scheme, and outputs the data
symbols spread in the frequency domain. To be more

30 precise, data symbols having been subjected to channel
coding and data modulation are input to the frequency
domain spreading unit 12, which unit multiplies the

input data symbols with a spreading code to perform code



10 with length D defining vector d=(df, d2,...do) appear at input node A of the frequency domain
spreading unit 12. The length or the number of data symbols defining the input vector may be selected
appropriatel}y @2BEMiERYON use. 15(B) In the frequency domain spreading H%TA22W8H5#¢he D
symbols is multiplied by a spreading code vector cf=(c, Cf ...0fGf) with spreading factor Gf, which
process is the first spreading in the frequency domain. The chips after frequency domain spreading,
i.e. spread 20 chips, output through node B are written as b=s0c/ ,(1) where s= (s1, s2,sGf, 5GJEA-1, .
.. S2Gfr . . s0) ¥k QxBxGy. Opetaryl "Or dygnation dijastands rdhpironecker Produns. As is

apparent from FIG, 2, a relationship Td-= 25 GfxTs h ong the data symbp] duration Td, the
spread chip dura?i%ﬁéla'%ndgat 2 Ssp¥‘ér;£)(§)l%8 fécﬁo)ﬁc-% : ?‘fngeB E?é\?\ m|s%‘leosnsl%éllr%ldvl\ﬁr&t]hjcisl'ﬂs%l'realfd1 by a factor
of Gf after frequérity doThdih spreading @) Theisprédd ehipsSigrersipptied pa deFDMA 30

processing unit 13 Jihie, FDMA pracessingwiit 43 dakasoiiza Blorkpt Q siead shins(eorrgaponding
to D modulated data symbols) at a time with a block duration -13- Tk=DxTd=QXxTs. At the '

compressioR an@Fshet@BR thition JiHithibek SPEPESSISEEef BRipE LR EaRmYin T pressed
L+LA times to chijpderaiigneber et a LAYynmisbers la enatestbe efiestivacsynbalnduration and LA 5

denotes a guard intervaclén ﬁglted to allow coa s%ggwae s,)gn?hrtinization amongés/érgulrtla%oeusly
ead C

. ren%e,[a £ c?mrgres%e S aI_ rescr
accessing users a 0 avold Interrerence between spr IpsS. SiZze O can be se

independent frora .. Thessomtessedrane repshtdd thipslaremutpaftdrasnddesC of the compression
10 and repetitionupih, 14 (R he-chips b limession (LF+AMQ alier fompgession apg repetition are

then phase modulated through element-wise multiplication with a user dependent phase vector of
dimension{P+LAROMARSF cdirpoRertemtjpharruodulation) to make data

items of individual users distinctive from each other.

The time domain spreading unit 16 makes copies or
replicas of a phase modulated data block with a
prescribed length, and multiplies the replicated data

15 Dblocks with a time domain spreading code sequence to
perform code spreading in the time domain.

The data output unit 17 outputs the time domain
spread data symbols to the RF processing unit (not
shown) .

20 The spreading factor controller 18 adjusts the
ratio between the frequency domain spreading code
sequence (or spreading factor) and the time domain
spreading code sequence (or spreading factor) according
to instruction signals, which signals may be determined

25 Dby the spreading factor controller 18 or supplied from a
counterpart communication node currently in
communication. Typically, such instruction signals are
determined by a base station according to the uplink
channel conditions. In this embodiment, the total

30 spreading factor (TSF) is represented as a product of a
frequency domain code spreading factor (CSF or SF¢), a
chip compression and repetition factor (CCR), and a time

domain spreading factor (SF;). When the frequency domain



15(1=1, _Q, Q+1, 2Q, (L+LA)xQ). The user dependent phase (I)(u) for user u is chosen to be
2nu/(L+LA)Q. The user index u will be dropped hereinafter for simplification of notation. Hence, a
(L+LA)Q-chW IR %R b hase modulation is expressed as 20 ,.Lm =(al, PCT/JP2008/070536
az*exp(-j+),...aLeexp(-j[(LA-LA)Q-1]0),(2) where al=: En_oder (1=1,...,(L+LA)XQ). The signal
expressed by 25 Equation (2) appears at node D of the phase modulator 15. It should be noted that
the phase modulation in IFDMA is unique and different in concept from well-known phase modulations
such as BPSK, @QRgKnetr. fheciemenbwisesmubipdedtanoiphase thoduatian théhidA) assures user

30 discrimination assigning to each user a.set of, subcarriers, orthoganal to the carrier sets of all
other users to avtcflig1 Eﬁﬂ.g)iﬁtgr“ gor%fﬁreté%ngaqulf re%oerﬁ%ﬁl,’th%ttrain%ar%lqscsiSHe-ﬁftﬁrﬁw‘% th is spread
further by a factormd LGSnparedat thafrédaencywbdmainicotegsitad ¢hijp rate Mwréover the

frequency spectrumbecarges sombrshanad.with Q sukratters egally disjdayteglanithin the whole 5

transmission bandwidth and L zero points in between due to the repetition (see FIG. 3). Although in
this embodiMent a singid-Earrfer sthBmeta eRIoRsE HhdiapR SdEaiRst Ontpdhenits Sppear at
multiple positions alongnthe feegueneyaxisithrough ahip soapsessier prd dénrepetitign. The subcarrier

position at node C after.compression and_re etili'%qre is ip common for all the ysers; however, the
subcarrier positiosn"'sn%ftonlosdr(;[l‘Dta]%t]iﬁa?1%)(12}'31;,]|(§r m%ldu ation ?arcfl%]fgr?gs%% reéct?er%ir)l/oasx“?s among users, and
the comb-shape@speetrimdfatuserds 3 5 rtHogonghtofthesewhall nthHek@sets. The total bandwidth

spread is now LxGfy Generally; thegedtelr3f modulated data symbols di, da,...dp
10 with length D defining vector d={(d;, d,,...dp) appear at

input node A of the frequency domain spreading unit 12.
The length or the number of data symbols defining the
input vector may be selected appropriately depending on
use. '

15 (B) In the frequency domain spreading unit 12, each of
the D symbols is multiplied by a spreading code vector
cf=(cfy, cf;,...cf) with spreading factor G¢, which
process is the first spreading in the frequency domain.
The chips after frequency domain spreading, i.e. spread

20 chips, output through node B are written as

b=s®¢, (1)

where s=(si1, S2,...Sgfs SGf+ls -« -526fs - --Sg) and Q=DxGg.
Operand “®” in Equation (1) stands for the Kronecker
product. As is apparent from FIG. 2, a relationship T4=
25 G¢xTg holds among the data symbol duration T4, the spread
chip duration Ts, and the spreading factor G¢. The
transmission bandwidth is spread by a factor of G after
frequency domain spreading.
(C) The spread chips are supplied to the IFDMA
30 processing unit 13. The IFDMA processing unit 13 takes
in a block of Q spread chips (corresponding to D

-modulated data symbols) at a time with a block duration



is, the more the IFDMA-based system can suppress OCI because it is the frequency domain

spreading factor. On the other hand, the greater L the more capability the 20 IFDMA based system
can suppreX¥QLRIYE24Me it is a measure of "distance"” (or the number of Z&r&IPHURAEEMlifferent
users subcarriers. In IFDMA, G=1, and hence it cannot handle interference from other cells in the
same carrier frequency (therefore one-cell frequency reuse 25 cannot be realized in IFDMA). In
VSCRF-CDMA, Gf and L are appropriately selected so as to reduce OCI and MAI at the same time.
(E) Time domaingede spegading ia petfhened e phese anedwatestchins T henphaseamodulated
signal (D) contains 30$ +LA)XQ,chips | nit processing block. In other words, the processing block
includes (L+LA) Subb (L)tcllzts)p,fgagc}% ﬁtgr?}r?@ E)péfi%s%lﬁ%?imaergorrlcn%t#}egprégd%régunit 16 takes the
(L+LA)XQ chips together saed gbnépatesree s15-osprbag nbtrir of sizeTe+Dy/(IBEAIXQ, where Gt is the

time domain spreading f%ctggmgarggewié%gggggw d leqﬂﬂigg%gha({ml yariations are

negligible in the time domain for the duration of one spreading block 5 (which is on théorder of
microseconds) aR8THERE the SBEE DrtHREBRYRY fdMHRE diR sprdiinG RREMI&HNEE. This means
that time domailquea@}i@gj.&adwﬂiagmaus;fcgimans_w@ﬁgmp. _ﬁ@besldjhﬁ;ng@axtbatam time
domain spreadlnll?y(or M(}-glmen%%%%l 10 s%reggjcnvggésnem Iroeyeg in,channeljzation to con}bat MAI as

i .ch
well as cell spec OIHSY(S) comJb%F e time Gomai preaadlr(l:g URIt 16 then FaKes éach column

(consisting of GtIQ-ctam sble-béeoks) frdaptiredenby flreipA)xQ Miatrix;emdmasltiphesatingd Gt Q-chip sub-
15 blocks (havingéggggg@ QS}O{TJESLWQMB%HH@ $¥RIMode C of the compression
10 and repetition unit 14.
(D) The chips with dimension (L+L,)xQ after compression
and repetition are then phase modulated through element-
wise multiplication with a user dependent phase vector
of dimension (L+L,)*xQ having component exp(-j(1-1)¢(u)),
15 (1=1, ..Q, Q+1, ..2Q, ..(L+L,)xQ). The user dependent phase
¢ (u) for user u is chosen to be 2nu/(L+L,)Q. The user
index u will be dropped hereinafter for simplification
of notation. Hence, a (L+L,)Q-chip block after phase
modulation is expressed as
20
b= (b1, b2, ...,bw+a)0)
=(a1, az*exp(-j¢),...ap*exp(-J[(L+L14)Q-11¢), (2)

where a;=simegces (1=1,.., (L+La) xQ). The signal expressed by

25 Equation (2) appears at node D of the phase modulator 15.
It should be noted that the phase modulation in IFDMA is
unique and different in concept from well-known phase
modulations such as BPSK, QPSK, etc. The element-wise
multiplication (phase modulation in IFDMA) assures user

30 discrimination by assigning to each user a set of
subcarriers orthogonal to the subcarrier sets of all
other users to avoid MAI.

After compression and repetition, the transmission



spreading code ct= (cti, ct2, ...ctc) This operation is performed on all of the (L+LA) columns. The chips
after the time domain code spreading (signal E in FIG. 2) are supplied to the data output unit 17. The
data output Y@ a2a1007280pplies a data set of the two-dimensionally spread RGRBERIWS/ S Iater-stage
RF unit (not shown). To be more precise, the data output unit 17 successively takes in and outputs
each of the serial streams of Gt blocks from the mat_rf'x4sﬁgnal E shown in FIG. 2. The 25 output signal
is then subjected to pulse shaping and RF conversion, and transmitted through a wireless channel. In

the example showg{RfH@c R, e Wpe doqain sprrading code sequencerisartangeshalang the
column, and (L+LA) sub-blocks are arranged along the rows in the 30 matrix. However, the directions

of chip arrangemERE MRS EBHOpRaEy BeeP e T e At sFOIR betGted¥RAESY farleaver (not
shown in FIG. 1)tthay be«aplienaly agdert rght afterdhe phaseb-16h apestillaticrhugt 15 to randomize
signal chips so as to increase the system frequency.domain diversity. EIG. 4.is a block diagram of a
receiver of the 2 gfif‘Bﬁl}l\eﬁasné%:ccg{llvaeeirq'1 ccc)gid?r%r o]oéllr%n (ee(rénbwo%jﬁ%n(le% (%tlltﬁevglionggntion. The receiver is
typically probided-irea pase siatiorbapdeieit it may bk fagishapirditBeikinbs b apparditgses. The

receiver basically gerfauns gpekationsthe Lyverse gf the)transmitfe,shown in f1G. 1, and in addition, it
performs equalization in the frequency 10 domain to further improve the receiving quality. The receiver

includes a time dORRAAHREPle iy (At 813 PhaSE defutifatd P 45™R kX $burlBr thABrbTm (FFT)
unit 43, a frequerabdamaireequalizpbAdnadss inverseaiash Eomuecttansfopo £ HEI mitAnagfrequency
15 domain desprgﬁgin]_grueni'i1 4§1,cand a SEret dli,rg}cbfa}glzt%rhciontrgger %é.s .lThe élrgn domain despreading
unit 41 multiplies the receive S|g¥1a?wllt a time domain readtllﬁg code ?& spreading factor Gt) to
perform colié degeativigiinthe Dodinsaldemaini.cthi®pridetsrs assagdedividf tirroperation of the

time domain spreagdipg 894 16shovw iINdg& deion is in common for all the

users; however, the subcarrier positions at node D after
phase modulation vary along the frequency axis among
users, and the comb-shaped spectrum of a user is

15 érthogonal to those of all other users. The total
bandwidth spread is now LxGg. Generally, the greater G
is, the more the IFDMA-based system can suppress OCI
because it is the frequency domain. spreading factor. On
the other hand, the greater L the more capability the

20 IFDMA based system can suppress MAI because it is a
measure of “distance” (or the number of zeros) between
different users subcarriers. In IFDMA, G=1, and hence it
cannot handle interference from other cells in the same
carrier frequency (therefore one-cell frequency reuse

25 cannot be realized in IFDMA). In VSCRF-CDMA, Gf and L are
appropriately selected so as to reduce OCI and MAI at
the same time. .
(E) Time domain code spreading is performed on the phase
modulated chips. The phase modulated signal (D) contains

30 (L+La) xQ chips in a unit processing block. In.other
words, the processing block includes (L+L,) sub-blocks,
each containing Q chips. The time domain spreading unit

16 takes the (L+L,)xQ chips together, and generates a



The phase demodulator 42 multiplies the time-domain despread signal with a user dependent phase to
perform 25 phase demodulation. This process is associated with the operation of the phase modulator
15 shown inWIGOID/0FRFFT unit 43 performs fast Fourier transform to conPE/IR20pHAES36
demodulated signal to a frequency domain signal. The frequency domain equalizer 44 30 performs
equalization in the frequency domain. The IFFT unifﬁg—performs inverse fast Fourier transform on the
equalized signal. The frequency domain despreading unit 46 multiplies the equalized and inverse

Fourier -17- trarglgqrggatg ﬁlg't]_?'i‘@(it%f fgeﬂygn@y q)cg/mq@ SPIPR i,ngvﬁpéjge(o(f;gp{%acgﬂg factor Gf) to

perform code despreading in the frequency domain: The spreading factor controller 47 adjusts the 5

ratio between thé $PRaARPR IGIRECGALB I ehey do aprAdHgCode SAT R Epreading
factor Gt of the tisendamairasfireadingsgodenbasedl or #1el iequencyadamaagndgtime« otmain
spreading factor_% ftt}:e.receityed siglna%bliigtﬁ illtgf&raé%%g%sprﬁagirrllg 0 erati%pls er]gcirgncq{d 10 in the

receiver shown in FIG. fﬂn& sufrllréﬂransmltte ﬁom tﬂe transrr?l eris recgi538 at thie antenna of the

receiver thréugh emviksless shanndlh¥he rdegived sighal essioerpisex@edsdeasd shea*x+n,(3)

where h is the changel Batibogbiheivirgless shannel Witheampapsrisds 44=9s--M; M representing
the number of taps in a channel impulse response), x is the 20 transmission signal, symbol "*" denotes

linear convolutioM2dmF A 88 additve RPRBGiNTart hBRe LRMAER) SRR FARisfon signal x
corresponds to theldbterkedaia, gach Motk copiateing {bhlLAIQ-chipsub-beckse tikigtrated as signal

Ein EIG. 2. ZSTQ%gecce'\{?g %ignal ( snelzries of Gt bl ckr§ is %taclé%q u {oloeckéki -blolck corrgsponding
to a time domain spreaé'lng Matix (|.g., Exel g;?ﬁ_e+ %&) r%atf*le, as |ﬁu38trg%e8 mé‘?@. 5. The input data
for the timé 0 spreading) is employed in channelization to combat MAI

as well as cell specifying to combat OCI.

The time domain spreading unit 16 then takes each
column . (consisting of Gy Q-chip sub-blocks) from the Gt
by (L+Lp)*xQ matrix, and multiplies the G¢ Q-chip sub-

15 blocks (having the same contents) with the time domain
spreading code c'*=(c%, c%,...c%:). This operation is
performed on all of the (L+Lp,) columns. The chips after
the time domain code spreading (signal E in FIG. 2) are
supplied to the data output unit 17. The data output

20 unit 17 supplies a data set of the two-dimensionally
spread symbols to the later-stage RF unit (not shown).
To be more precise, the data output unit 17 successively
takes in and outputs each of the serial streams of Gt
blocks from the matrix signal E shown in FIG. 2. The

25 output signal is then subjected to pulse shaping and RF
conversion, and transmitted through a wireless channel.
In the example shown in FIG. 2, the time domain
spreading code sequence is arranged along the column,
and (L+L,) sub-blocks are arranged along the rows in the

30 matrix. However, the directions of chip arrangement may
be appropriately determined.

It should be noted that an interleaver (not shown

in FIG. 1) may be optionally added right after the phase



domain despreading unit 41 is the convolved output of 30 chip blocks with channel vector h, having Gt
rows and (L+LA) O-chip columns. To despread, each row is multiplied with the corresponding chip of
the user's spYe2iNYPEWe (time-domain) and added row-wise. It is -18- asREWSHWBATRIS6domain
channel variation during transmission of Gt blocks is negligible. In multi-cell or multiuser environments,
OCI and MAI are suppressed by a factor of Gt throu Pthe time domain code spreading and 5
despreading. . Although not shown in FIG. 5, a deinterleaver may be placed after the time domain

despreading unitdlhif adntsrlearerisemplgyed ahthe: ttansmittes 1 The, ime-domain despread chips
are then fed to 10 phase demodulator 42 where the signal is demodulated as L+Lek s = Eefi"all71.6
qu-ociiir(1=1-Q 1 EREARErEBEL- By PHSE e REUSBYABIBHRNE SV REHshread 15 chips
corresponding to transmit@&hips afteradémodidatidra b sivawnfinEEquationv@): Similahéo thesFDMA

rece_iver, t_he der&%@ﬂ@tegrsé{gg%l S[?v@:la' Q)8 [ewritten as s= Qé@ﬁé}l“é’hgﬁ_@ njs the resulting
Q-dimensional AWGN vector Snd b s the 6 |mens\§>na channel impulse response vector, whose
entries are givenifyvention. The receiver is typically provided in a base
station; however, it may be furnished in other kinds of
apparatuses. The receiver basically performs operations
the reverse of the transmitter shown in FIG. 1, and in
addition, it performs equalization in the frequency
10 domain to further improve the receiving quality. The
receiver includes a time domain despreading unit 41, a
phase demodulator 42, a fast Fourier transform (FFT)
unit 43, a frequency domain equalizer 44, an inverse
fast Fourier transform (IFFT) unit 45, a frequency
15 domain despreading unit 46, and a spreading factor
controller 47.

The time domain despreading unit 41 multiplies the
received signal with a time domain spreading code (of
spreading factor G¢) to perform code despreading in the

20 time domain. This process is associated with the
operation of the time domain spreading unit 16 shown in
FIG. 1.

The phase demodulator 42 multiplies the time-domain

despread signal with a user dependent phase to perform
25 phase demodulation. This process is associated with the
operatioh of the phase modulator 15 shown in FIG. 1.

The FFT unit 43 performs fast Fourier transform to
convert the phase demodulated signal to a frequency
domain signal. The frequency domain equalizer 44

30 performs equalization in the frequency domain. The IFFT
unit 45 perfdrms inverse fast Fourier transform on the
equalized signal. The frequency domain despreading unit

46 multiplies the equalized and inverse Fourier



104_0d. Dg",Q. ei(+.00 g< n=0 0,g> M. (6) where M is the number of taps of the channel impulse
response vector. Vectors s and h are (cyclically) -19- convolved. After phase demodulation, the Q
demodulate¥ RHY/APE8P%ssed to the EFT unit 43 with FFT size Q. Denotin§theR280#e1083Mmsform
matrix as F, the Q-chip vector 5 after RRT is expres_sleg_as :=diag(H) S+N,(7) where diag(x) is a
diagonal matrix with diagonal 10 elements the same as that of the vector x, S=F s, H=F-11, and
N=F-n. The FFT output is then passed to the frequency domain equalizer 44. Each element of
vector S is affectedysAbkaldTRerglere, Gimple Sneragespelzalitiain spreading

code (of spreading factor G¢) to perform code despreading
in the frequency domain.
The spreading factor controller 47 adjusts the
5 ratio between the spreading factor G: of the frequency
domain spreading code and the spreading factor G. of the
time domain spreading code based on the frequency domain
and time domain spreading factors of the received signal.
Fig. 5 illustrates despreading operations performed
10 in the receiver shown in FIG. 4. A signal transmitted
from the transmitter is received at the antenna of the
receiver through a wireless channel. The received signal

vector y is expressed as
15 y=h*x+n, (3)

where h is the channel matrix of the wireless channel
with components hy (m=0, ...M; M representing the number
of taps in a channel impulse response), x is the

20 transmission signal, symbol “*” denotes linear
convolution, and n is the additive white Gaussian noise
(AWGN) . The transmission signal x corresponds to the G;
block data, each block containing (L+La) Q-chip sub-
blocks, illustrated as signal E in FIG. 2.

25 The received signal (a series of Gy blocks) is
stacked up block-by-block corresponding to a time domain
spreading matrix (i.e., a Gt by (L+L,) matrix), as
illustrated in FIG. 5. The input data for the time
domain despreading unit 41 is the convolved output of

30 chip blocks with channel vector h, having Gt rows and
(L+Lpa) Q-chip columns. To despread, each row is
multiplied with the corresponding chip of the user’s

spreading code (time-domain) and added row-wise. It is



15 is available to provide an estimate of S. For example, one-tap zero forcing equalizer estimates each
element of S, i.e. Sq (g=1,...Q), by multiplying ,17 with inversion of the g-th element of H, (Hq)-1.
Minimum-m¥4h28HUi% 8 or one-tap equalizes estimates Sq by multiplying Rt Z82MEP {1346 12+02)-1,
where U2 is the noise power. It should be noted that a_time domain equalizer, such as a conventional
MLSE equalizer, requires complicated arithmetic operations (for processing multiple taps), while a
frequency domain equalizer achieves equalization 25 by simple one-tap operations. Denoting the
estimation error afsSisnedsa hat thel Qechipietior afiehfrequeasyidemain erializgtion can be written
as F'S-FE: After'lcFrF'I;lcS) eiratignrsl, t(f)]g rgsugi égj (%schip vecto&is 3%5-1 (5 s);luFl-Jt.{::s+ lI Ed@) -20-
The equalized S|gngl ISTed o the frequéncy do ,

Smain esrf)? ad'lﬂé Unit 46, Where eac ~chip
sub-block of the implt isumakipted Withnirequssicy @ioandplédding eodappard samnad ap to
produce the detegtion of tigpsitted Baymbals, Aftaribe fisauency. ggmain, despreaging, YAl and OCI
are suppressed further by a factor of Gf. Finally, the detected symbols are passed to'a decoder
correspondifg todRERFaRAEPGhcoding, and the transmitted signal is recovered through further 10
operations.  The FFRAuskh4dgthenfsrquansyrdommain Bgualizersddant the ka4 uged in the
aforementioned mbogimerg are ogtion IfoEZCS-IFDMA' hgwever frgquen%y-dgm in e%ualization is

e ced. aft t%g s S ih e%Pré g uni 1 3
advantageous when Bp))er orming single- 15 carrier data transmission. 1n-general; multicartier
transmission is saperiotersiegleaarier tempshoigsidnads lohg asthe pedkitoaverage power ratio
issues are overcome. Hayeverhefseeivingaualingan bripwraved by pgrfeuning,

frequency-domain equalization even with a 20 single-carrier transmission scheme, and signal quality
as high as tRat iPA#ffticemertaasmisshbnh seHeRse EAS beidtiidvetsS LEsTeambRbGS o the

frequency-domain equalizer is also an advantage, as compared with the time-domain equalizer.
25Although not shown in FIG. 5, the phase demodulated

L+lA
-
: Sq= Ze’l( )@qw'b(,_l)@q, q=1..Q, (4)

I=+HIA

where b(-1)g+q 15 the [(l—l)Q+q]th element of the despread
15 chips corresponding to transmit chips after demodulation

b shown in Equation (2). Similar to the IFDMA receiver,

the demodulated signal sq (gq=1, ...Q) 1is rewritten as
s=s®h+n, (5)
20
where n is the resulting Q-dimensional AWGN vector and h
is the Q-dimensional channel impulse response vector,
whose entries are given by
(M-9)/Q] -
- thmg'e/(q+"g¢ Jg<M,
25 q n=0 , (6)
0 ,q>M.

where M is the number of taps of the channel impulse

response vector. Vectors s and h are (cyclically)



signal is decompressed in the time domain to output D decompressed signals, and each of the D
decompressed signals is multiplied by the frequency-domain spreading code to recover D transmitted
symbols. WP HIZB00PCI/IP2008/070536 -21- CLAIMS 1. A transmitb&rTcHRIIBAHS36a first
spreading unit configured to multiply each of a plurality, of data symbols with a first spreading code
sequence of a first spreading factor; a compression and repetition unit configured to compress an
output signal of the first spreading unit in 10 duration and repeat the compressed signal L times (where
L is a natural nursbgak-gneater.than or equal to 2); a phase modulation unit configured to multiply

the compressed and repeated signal with a user dependent phase and outpu aéiat block consisting
of L sub- 15blocks; £agééi‘eec%nrtjiﬁ sapsrga |%I§ounhllt cao%r%aﬁl’ecrj% tl({))ere Iicﬁ%‘%#é%%%f Io%eb%\%%ording toa
second spreadingfactpaaaddnditplyleackiSet af iHe replivated stlitbletks h@vingensdamagontent with

a second spreadjng.cqde, seauence.of 20.e seeepd.speading fagtoptoroduge adyio-dimensionally

spread signal; and a wireless transmission unit configured’to transmit the two-dimensionally
spread signal usigtE SindRet cafie ¥RR8ATSForRcheme. 25 2. The transmitter of claim 1, further
comprising: a spreading factor controller configured to adjust a ratio between the first spreading

factor and the n
S =diag (H) * S+N, (7)

where diag(x) 1s a diagonal matrix with diagonal
10 elements the same as that of the vector x, S=F-+s, H=F-h,
and N=F +*n.
The FFT output is then passed to the frequency

~

domain equalizer 44. Each element of vector § is

affected by AWGN. Therefore, simple one-tap equalization
15 is available to provide an estimate of S. For example,
one-tap zero forcing equalizer estimates each element of
S, i.e. Sq (g=1,...Q), by multiplying S8 with inversion
of the g-th element of H, (Hq)”y Minimum-mean-square-
error one-tap equalizes estimates Sq by multiplying §q
20 with (|Hql®+6®)™', where o¢® is the noise power. It should
be noted that a time domain equalizer, such as a
conventional MLSE equalizer, requires complicated
arithmetic operations (for processing multiple taps),
while a frequency domain equalizer achieves equalization
25 by simple one-tap operations.
Denoting the estimation error of S is g, so that the
Q-chip vector after frequency domain equalization can be
written as F -+ s+e. After IFFT operations, the resulting
Q-chip vector is
30
Fle(Fes)+ Fleg=s+Fl-g, (8)

a good approximation of s with estimation error F'e.e.



30second spreading factor; wherein a total spreading factor is proportional to the first spreading

factor and the second spreading factor. -22- 3. A mobile device having the transmitter of claim 1. S 4.
A transmiss¥¥f RSO mprising the steps of:  multiplying each of a plBfditFHOEHATAS¢mbols with
a first spreading code sequence of a first spreading factor; 10compressing a resulting multiplied signal

in duration and repeating the compressed signal L tifés (where L is a natural number greater than or

equal to 2); multiplying the compressed and repeated signal with 15 a user dependent phase and

outputting a data block£gasisting i keubshlgaks: i s reRligating € datadiaekhagcerdingi® a second
spreading factor and multiplying each set of the replicated sub-blocks havinegDa ) mae;ﬁ%ongnt with a 20
second spreading SHAESRYIRACEDE thetCacdHifSSteSAiNY SIS IdpréMtea 878 dfhehi&iSnally

spread signal; anichpu tirarsmittingitheitew-diintan sionadiy spreadisigaad russpg asiiglg-caorer
transmission scheme. 25 S. A program product install [ mputer t the c Mpyter to
perform the step§ of:%r1C15 glr‘hu tlep yiHaB etg(gh%gf%ébjlé?alﬁ%f Ig‘e\g'[gé')symuéo??s ﬁﬁﬁfl& s;%r%adlng code -

sequence oPa firsyRospreadfffastokhe fcopspressig doreaiRingshnibphed Bignalihld@adon and
repeat the compegssed signahbdines{udere ks amnalyrah nembes greatestharrenhaqual o 2);

the detected symbols are passed to a decoder
corresponding to the channel encoding, and the
transmitted signal is recovered through further

10 operations.

The FFT unit 43, the frequency domain equalizer 44
and the IFFT 45 used in the aforementioned embodiment
are optional for 2CS-IFDMA; however, frequency-domain
equalization is advantageous when performing single-

15 carrier data transmission. In general, multicarrier
transmission is superior to single-carrier transmission
as long as the peak-to-average power ratio issues are
overcome. However, the receiving quality can be improved
by performing frequency-domain equalization even with a

20 single-carrier transmission scheme, and signal quality
as high as that in a multicarrier transmission scheme
can be achieved. Less complexity of the frequency-domain
equalizer is also an advantage, as compared with the
time-domain equalizer.

25 Although not shown in FIG. 5, the phase demodulated
signal is decompressed in the time domain to output D
decompressed signals, and each of the D decompressed
signals is multiplied by the frequency-domain spreading

code to recover D transmitted symbols.



-23- multiplying the compressed and repeated signal with a user dependent phase and outputting

a data block %{%nsi%gn(r?{lﬁi%%l&-blocks; and replicating the data block acco%dé'r:l% EIOP% %g%d] 85i§n6a

spreading factor an ying each set of the replicated sub-blocks havinga same content w
second spreading code sequence of the second spreading factor to produce a two-dimensionally
spread signal. 10 6. A receiver configured to recover transmitted symbols from despread data
symbols, comprising: a receiving unit configai%@sreceive a prescribed number (SFt) of data
blocks transmitted by a single- 15 carrier transmission scheme, each data block consisting of a set of L
sub-blocks; a first despreading unit configured to multiply each set of the prescribed number (SFt)
of data blocks by a first spreading code of a first spreading factor SFt; 20a phase demodulation unit
configured to multiply the despread signal with perform phase demodulation; unit a second
dispreadingceénfigured 26 sultisly eachrefermentdefining the phase demodulated signal with 25 a

second spreading cqde-of a se %rggggingIﬁchorc%%ffqrg}qlgg@urtgatﬁgy_gg?isy where L, SFt and

SFf are natural numbers greater than or equal to 2. 307. The receiver of claim 6, further comprising:

a combinatiof bf & Féurieraratistormiuniad frequtiey ldontair BqualiZerrand &rirfefse Bourier

code sequence of a first spreading factor;

a compression and repetition wunit configured to

compress an output signal of the first spreading unit in
10 duration and repeat the compressed signal L times (where
L is a natural number greater than or equal to 2);

a phase modulation unit configured to multiply the
compressed and repeated signal with a user dependent
phase and output a data block consisting of L sub-

15 blocks;

a second spreading unit configured to replicate the
data block according to a second spreading factor and
multiply each set of the replicated sub-blocks having a
same content with a second spreading code sequence of

20 the second spreading factor to produce a two-
dimensionally spread signal; and

a wireless transmission unit configured to transmit
the two-dimensionally spread signal wusing a single-—
carrier transmission scheme.

25

2. The transmitter of claim 1, further comprising:
a spreading factor controller configured to adjust
a ratio Dbetween the first spreading factor and the
30 second spreading factor;
wherein a total spreading factor is proportional to
the first spreading factor and the second spreading

factor.



WO 2010/052800PCI/JP2008/070536 -24- transform unit inserted between the phase demodulation
unit and the seco agq# g unit. 58. A base station having the receiv lal Q% 9.

recovery me’fﬁ‘gd %@%ﬂ&pffﬁs)lgr%g t rae steps of: receiving a prescribed number (%{gf%ﬂgg %c?ﬁséi%g%
transmitted by a single-carrier transmission scheme, each block consisting of a set of L sub-blocks;
multiplying each set of the OFt data blocks by a first spreading code of a first spreading factor OFt;
multiplying the despread signal with a user 15 dependent phase to perform phase demodulation; and

multiplying each element defining the phase demodulated signal with a second spreading code of a
second spreading factor SFf and outputting data symbols, where L, SFt and SFf are natural numbers

greater than qr 2Qequal1q 2. 10, Aprogram,prodyct installable in a computer tg cause the computer

to perform the steps of: 25receiving a prescribed =bar (SFt) of data blocks having sane content
transmitted by a single-carrier transnission scheme, each data block consisting of L sub-blocks with
sane content; multiplying each set of the SFt sub-blocks by a first spreading code of a first
spreading factor SFt; 30multiplying the despread signal with a user dependent phase to perform phase
demodulatiort ant rGRIPRAHS EacH elepidind defifingithé phasee steps of:

multiplying each of a plurality of data symbols
with a first spreading code sequence of a first
spreading factor;

10 compressing a resulting multiplied signal in
duration and repeating the compressed signal L times
(where L 1s a natural number greater than or equal to
2);

multiplying the compressed and repeated signal with

15 a user dependent phase and outputting a data block

consisting of L sub-blocks;

replicating the data Dblock according to a second
spreading factor and multiplying each set of the
replicated sub-blocks having a same content with a

20 second spreading code sequence of the second spreading
factor to produce a two-dimensionally spread signal; and

transmitting the two-dimensionally spread signal

using a single-carrier transmission scheme.

25
5. A program product installable in a computer to cause
the computer to perform the steps of:
multiplying each of a plurality of data symbols
with a first spreading code sequence of a first
30 spreading factor;
compressing a resulting multiplied signal in duration and
repeat the compressed signal L times (where L

is a natural number greater than or equal to 2);
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a user dependent phase and outputting a data Dblock
consisting of L sub-blocks; and

replicating the data Dblock according to a second
spreading factor and multiplying each set of the
replicated sub-blocks having a same content with a
second spreading code sequence of the second spreading

factor to produce a two-dimensionally spread signal.

6. A receiver configured to recover transmitted symbols
from despread data symbols, comprising:

a receiving unit configured to receive a prescribed
number (SFt) of data blocks transmitted by a single-
carrier transmission scheme, each data block consisting
of a set of L sub-blocks;

a first despreading unit configured to multiply each set of
the prescribed number (SFt) of data blocks by a first spreading
code of a first spreading factor SFt;

a phase demodulation unit configured to multiply
the despread signal with a user dependent phase to
perform phase demodulation; and

a second dispreading unit configured to multiply
each element defining the phase demodulated signal with
a second spreading code of a second spreading factor SFf
and output data symbols, where L, SFt and SFf are

natural numbers greater than or equal to 2.

7. The receiver of claim 6, further comprising:
a combination of a Fourier transform unit, a

frequency domain equalizer, and an 1inverse Fourier

ers
ENT
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Published: - withy intenationakeseartly report (A 2p{8)pe demodulation; and
multiplying each element defining the phase

demodulated signal with a second spreading code of a
second spreading factor SFf and outputting data symbols,
where 1L, SFt and SFf are natural numbers greater than or

20 equal to 2.

10. A program product installable in a computer to cause
the computer to perform the steps of:

25 receiving a prescribed numoer (SFt) of data blocks having same
content transmitted by a single-carrier transmission scheme, each data
block consisting of L sub-blocks with same content;

multiplying each set of the SFt sub-blocks by a
first spreading code of a first spreading factor SFt;

30 multiplying the despread signal with a user
dependent phase to perform phase demodulation; and

multiplying each elements defining the phase



(54) Title: TWO-DIMENSIONAL CODE SPREADING FOR INTERLEAVED FDMA SYSTEM FIG.1
SPREADINGVJBASE%Z gg)i\éEFéOLl__ER 11 VSC_RF-CDMA PROCESSING %%tf{ng}r} 6%%5#%33% A
transmitter comprises a first spreading twit configured to multiply each of multiple’data symbols with a
-first spreading code sequence of a first spreading factor; a compression and repetition unit configured
to compress output signals of the "lwi' first spreading unit in time domain and repeat the compressed
signal L time%éw%eqrelL jcserﬁljnasttirarl1 <[j]gmt‘)ﬂert%reaatler theacno%rdequalrtga@ia hacse drgodou%atign unit
configured to mﬂnltipﬁl the compressed an repeatedssignal with'a user dependent phase and output a
Cl data blocksconsisting of ¢ astibalglocks; tacsecond sprehding nnit tonfiguted 4o seplicalesthe data block
according to gsecond spread-mg facterand multinly, gach set of the replicated subcblocks with a
second spreading code sequence of the second spreading factor to produce a two-dimensionally
spread signak @néla Wireless transmission twit configured to transmit the two-dimensionally spread
signal using a single-carrier transmission scheme.
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(57) Abstract: A transmitter comprises a first spreading unit configured to multiply each of multiple data symbols with a first
spreading code sequence of a first spreading factor; a compression and repetition unit configured to compress output signals of the
first spreading unit in time domain and repeat the compressed signal L times (where L is a natural number greater than or equal to
2); a phase modulation unit configured to multiply the compressed and repeated signal with a user dependent phase and output a
data block consisting of L sub-blocks; a second spreading unit configured to replicate the data block according to a second spread-
ing factor and multiply each set of the replicated sub-blocks with a second spreading code sequence of the second spreading factor
to produce a two-dimensionally spread signal; and a wireless transmission unit configured to transmit the two-dimensionally
spread signal using a single-carrier transmission scheme.
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