DESCRI PTI ON TWO- DI MENSI ONAL CODE SPREADI NG FOR | NTERLEAVED FDVA SYSTEM
TECHNI CAL FI ELD The present invention generally relates to a wrel ess
conmuni cavpQoidisesini que in a nulti-access environment, O/JPENNS070536
particularly, to a technique for applying two-di nmensi onal code spreading to
interl eaved FDVA to reduce other-cell 4Interference and nultiple access
interference. BACKGROUND ART The spectacul ar grow h of video, voice, and
data communi cations over the Internet and the equally rapid upsurge of

mobi | e tel ephony are spurring w debBRECRUPTLPNe access research to provide
very high data rate transm ssion in wreless comuni cation systens. Direct
sequence code division nultiple access (DS-CDMA) is one of the effective
wirel ess accessTWechRAYENGILENALOCOBEPABREARGNGI GARSYNTERLEAPEDI FPMAI ncl udi ng
vari abl e and high data rate transm ssi B&fvices, and DS-CDVA has been
adopted in 3rd generation w reless conmmuni cati on systens. See 3GPP

Speci ficaiion Hone Page: http://ww. 3gpp. org/ specs/specs.htm OmMng to its
onecel | freq S - CDMA i s advant ageous i n bandw dth efficiency
conpared to &ﬁ#@%&ﬁ%ﬂ& gﬁ? |tiple access (TDMA) in a nulti-cell

envi ronment. HoweYke, peesgatt iﬂﬁehtsmg@en@ﬁaligrré)sa@A/Atsystems are

associated with gul tiple acces% i nt ces gMAI) \MiltCh limts the maxi num
data rate and*tfeCsystEMEF&E: ﬂ?n nigque in’ a multi-access

environment, 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,



that can be supported for avail abl e bandw dt h, especially in hot spot
environnents with isolated or fewer co-existing cells not taking ful
advant agevof2ousasel | frequency reuse. Combini ng ort hog@fAIPLI0AUSHCY

di visi on mul tiplexing (OFDM) and CDVMA, which is called nulticarrier CDVA
(MC-CDVA) , can inprove channel capa0|1%rtﬂll i zation under nultipath
interference and frequency selective fading reception by nultipath del ay

suppressi on and dlver3|tycga|n See S . Hara and R, Prasad, "Overview of
Mul ticarrier eCBRRLIALLFERED 9§ISN§§ enyirepgents, whsh 1$9d2tefrofDMA has

been propose¢egsraceapdidaliggl @e1lul Wee wamh§8%uqqme%ﬁ%ta@@n o¥ystens.
Even t hough this technol ogy can support high data rates and multiple users,

it suffers foogrBedh PEgRUEHCHYECHGE -power ratio (PAPR) problens and high
sensitivity to fr@g#g %nﬁfg§gg?gg§a905§gqugggyc@ggpgiogst|natlon errors.
MC- CDVA

These limt the app ity o I'n practical wreless
enV|ronnéhtsmURéGQﬁEBynglHOEDMéa@@d-ﬁﬂ@@uewbyﬂhlvﬁspéﬁlﬁdltlpleaccess

(|FDMY has Bealiiati-oduceduas ngw»&q)deta%d RpEEIL- BAgsheym mul tipl e

access schenme nk an i"nk e conmmuni cati ons. See M.
Schnel and Icap@elByoe¢kl1%Atp0@nm9ﬁ@g maltiipdéband tewifeirphecaeodss schene

R e A e i LR
Br oeck, "Intemp@aeed1EBNBnqud&bksatWO@aamd Seded . pdafrar aKdc&.i n nnblle
[)Zﬂ: gdaf) | C I Ons E:(‘)‘I Elléﬁéllew of9 Mlﬁpt1c1a9r3r91e1r94C4DMA]’un E?‘LQE?QCOIIIIrl]e QQ—%'? | dea
pp 126 133, Dec. 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 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.



spread-spectrumnulticarrier transm ssion (spread signal bandw dth through
signal conpression and repetition) with frequency-division nultiple-access
(FDWVR) t owewoinhsbddb and be capabl e of achieving frequeneyTdpwessiosy Si nce
| FDMA is an orthogonal multiple access schene, there is, theoretically, no
MAI in | FDVA systens. Conpared to MC-COWA, CDMA, and TDMVA, | FDVA shows
several additional advantages including continuous transm ssion and
constant envel ope (Il ow PAPR) . More recently, variable spreading and chip
repetition f&énee CBNEA( VSCRR- emwhygﬁaglb@éﬁtppésogéae§§ §Cb¢@ﬁvsung

candi dat e foghgg% %F bégggggg c@hi Ieﬁg §e§§ I bz axaggh . Kawarmur a,

H . Atarashi érlab e spreadi ip repetltlon
factor (VSCREpmp@DWA itp MévéDMé | CABMAf oandr §adBand FaMAekbowsacewssal | EEE

PIMRC '03, S I h, a s of
bot h technolgggé§98§8éc% HPﬁgggvéEgﬂeéﬁkh uses hgu%a%g?ﬁg%gg%ggg
code dondi n apdeadnagaas envEDbBeandloghPPPROIPr essi onand- repetition (CIIQ

spreading as in |[F tfultéceil elluéagd ste ngRF CDMA sets the
chi prepetition f %?5? f%f$3 Y ¢h ?epre nts the nunber Bf users who can

be supportedrbpeeaalspreadtbg,CDMAomescaEdCDMAmohhs pesh birbpoaed@SaEDVA
systemto realize one-cel ﬁggengé reu I a Q%t-%pot sisten1 CRF is
set to nore Phgﬁogﬁélﬁﬂdc?B fr &84 H %Bgt FOETFSRY ¥1fHe®Ril tiplication
of CRF with hb@e@@desé@nulnGspbeadlnga&amh@é (G@SFhrtar@eshhipganal Mty between
users is nalntalned and_hence_ MAl is nlnlnlzed by the introduced CCR
spreadi ndf i nSgHe ﬁéblspo¥a§9épéﬁssa§eFHlP§Dﬁﬂd chip repetition

factor (VSCRF)-CDMA in reverse link for broadband
wireless access”, IEEE PIMRC '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



Furt hernore, seam ess handoff can be realized for users going fromone to
anot her between the cellular system and the hot-spot system due to the
sanme air WOt2erezs9obei ng depl oyed. Ot her-cel |l interfereRCEIPOUBNT0ANI MAI

i ssues are crucial in wreless comunication systens for spectrum
utilization efficiency and system capadty. Al thoughl FDVA is capabl e of
elimnating MAI using CCR spreading, it cannot handle interference from

other cells in the sane carrier frequency. This is because CCR spreadi ng
has only |inmtEEYA| hfeFRBABAEe CSUBPLBIBREANGaYADI PEEDIf 6FRt RRTSaRRGar ri er

frequency, unki k@npedenapneadifgcdtRefteCaBReLLRAdI BE198I Ay &hkhough
| FDVA real i zes orthogonality between users at different carrier frequencies

as in FDVA Peneecansies| Freaegnency ThégseéschrrguSBeCrBaFPEEadiAgl FDVA
systems. |FDiRsDaaeg YSRRECGDVRCEILIBhes Libs BEARLAM-BYaHSH Y A

spreading in cel r systens an ode spreading coupled w R spreadi ng
in hot-spot thet eameForrecéklrulfaequpscyns undiker codel spneadfiageaean(OCl) is

m nim zed throu LAg C sp [ gai a : |l i ng codes for
random zi ng ?%tggﬁgﬁéﬁcg. ngi§g$g(eé?ggkpg8rﬁﬁggésgg?iggggronnents, CDVA
spr eadi ng i sombhogenhdikgdbbtwaeseuskrsubst dnfifelrkbypt| caeri©€l while MAl is

reduced by | EDMy:Dased (OCR D eaph Cablo.SoReecOPR spreading s oore
capabl e of nainﬁalnlng or?hogona Ity Detweéen dirfrerentduserd tRaf code
spreadi ng, CERnaptebdi rgalisuall ynhasDAhsgbeempriority than code spreading

Lo Conbgtgo M T ErSRR S B8 APA R Con R R e EPME L Se T SASTGY S
preadi ng, and th

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



orthogonality between different spreading codes (for both scranbling and
channel i zation codes) is subject to frequency selectivity fading or delay
spread ofwoheiomizasmel . I n a frequency sel ective wirel espcthamogh7056SF has
to be small enough to maintain code orthogonality after passing through the
channel . Therefore, VSCRF-CDMA has |im3ed OCl suppression capability ow ng
to small CSF. Anot her cost of using | FDVA and VSCRF- CDVA to achi eve the

af orenenti oned advant ages over othernultiple access techniques is to allow
i nt er - synbol mpAtépfer aacesgl SeFhnifoepedacéot hélp8l intbacsysbghificantly,

an optimal equabi£etoRaseqsan mrbmukikel 1Haodssequence estimation (M.SE)

has to be enployed at the receiver. equal I zer s hi gher
conpl exity aﬁdghﬁfﬁnanéésesaexpphémﬁﬂabﬁyaéﬁ@ag besthdt be QhkamUmr which is

t he nunber o |.s .per. hlock . ock e for |t| n) to
be transnlttg ﬁ&éﬂwSSFB?ﬁéen%ngéPag%gﬁhu%@ggz FlSFOC %Uﬂl@p%PBC for

per form g rapetheimacaiVer CDNA Mpseadqngl1zarVB€EFEDwHerIn general , | FDVA
i s incapabl e of hand

g g gC d hence it is L ?E or Dgﬁ ﬁﬁstens to
real i ze onec&PI'PFFE{uENEY éﬁsé CUBERES CBRRORFPLJal e £ ngpV6
conbi ni ng | FPMAavtbh, Clvilch HowevRe, ntimbBas offi aymadl@qae&upmbe&sn QAit

capabil 1y, Wign ysLng, onl g Loeduency domin, sprepd g win eeamell

conpl ex M.SErdemMACbiroBhat nbiBere6€i ¥BipsTherebobek thigie bsoaknesd to

conbat OCI and MAI sinultaneously and nore efficiently, and to reduce

recei ver %Onﬁpéﬁpfylng 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



substantially. D SCLOSURE CF THE | NVENTI ON The present invention is
concei ved to overcone at | east one of the aforenentioned problens and ains
to provi OR0UWVG52808ss comruni cati on techni que, i ncl udi n§CA/IP2ABETHSIG er, a
receiver, a transm ssion nethod and a program capable of reducing

other-cell interference (OCl) and nul ti%l e access interference (MAl), as
well as conplexity in receiver structure. To reduce OCI and MAI and to
prevent the receiver structure from becom ng_conpli cated,

t wo- di mensi oR8PE0ERTERFALAEI A LELFREFEAHCAR FHDHEDWKS§§§Fens. I n one aspect

of the inventipn,lﬁ-éﬁ@ﬂ§§¢é&€rof5t@éOyﬂ&Eﬁhinﬁ drersmshiefegoPri ses: (a)
a first spreading unit configured to nmultiply each of nultiple data synbols
with a firstPEpVeéd8PngTEB8dEr3BElEREBT0FCRPELPSE *spreading factor; (b) a

conpressi on ap§l pepetkti QpruAbtngoRhk QUEBH i QuERAPESSRUT REpQYL RUERSI gnal s
of the first spreading unit in time domain and repeat the conpressed signal

L times (WhePé mulsiplgadatal siukbéF yi&ht ar fihak spregdandgt 6°ode; (c) a

phase modul atigpeHREt o¢08f iFguEed he-aHk hPEY ERE,;out put of the conpression
and repetitio%auﬁ#t mﬁth a user 3 pgﬁgen? pﬁgse and output a data bl ock

consi sting ofbl subobbseksiopdpnd sepohdtipnendingcanifiguonfl gared to
P e LoBolkastl OR SEERLO0aag Becond mpceRtipactattanpnt |
second spreadlhngimeddomeduennd oepeat 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



t he second spreading factor to produce a twodi nensionally spread signal
and (e) a wireless transm ssion unit configured to transmt the

t wo- di renwoanaldsysospr ead signal using a singlecarrier trargrmsimeicchene.
I n anot her aspect of the invention, a receiver configured to recover
transmtted synbols from despread data-gynbols is provided. The receiver
conprises: (a) a receiving unit configured to receive a prescribed nunber
(SFt) of data blocks transmtted by a singlecarrier transm ssion schene,
each bl ock ccmsie;idhg; dfadtogutbtaliocks; (b) a first despr eadi ng unit

cont L gured, O HlabeP sl o) P S BLASKE . 3 Wl SpLPAdig0 code
mul tiply the mlnmm off thee fmrrssii dibesgpreasatdii ey wmii t wmtﬂh aau,ssm dependent
phase to perf rm ermd atl S d) .a sec nd eadi ng unit

confi gured to%ﬁﬁr{)creﬂﬁy nrgné RS %’é denodul at ed
signal w 6h a(os)ecaomiad:pfoeaﬁjs@g:@mﬁmq)furatsprcﬁe&ilgig:éoac:td)rmlﬁl-‘thpam out put

ggLZI s%/gbtz)l-s V\ALS SFt%e;gid Ff. are nat;fral %ﬁi%edater agng;

domai n and tlmmméaorﬂ‘dorsdmng)tdweczﬁﬁ la igprIdEreNaR @ )sgnd
mul tiple access interference can be reduced in wreless conmunjcation

systens. Si n@@dEtpEHEStS asé’ﬁlq%]e?al &MSFDdirh Fal PifaPFamr hodta sper !
systens, seal e hardefdthetwren dhedum Pestens will be supported.

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 Thot-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



BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and advantages of the
invention will becone nore apparent fromthe foll ow ng detail ed description
when readwPrROWAIR8ACt i on with t he acconpanyi ng drawi ngs PCTAPRMBEHSFE G 1 is
a schematic block diagramof a transmtter of a 2CS-IFDVA transceiver
according to an enbodi rent of the inven8ion; FIG 2 illustrates operations
carried out by the transmtter shown in FIG 1 ; FIG 3 is a schematic
diagramillustrating an exanpl e of frequency spectra in VSCRF-| FDVA

t ransmi ssi on; FIGFI%-i§ alduréwatee PPeERtdPagr saraficd pBEebYethsf a
2CS- | FDVA tr gnsceinvgr a6 dipgio an enbodi ment of the invention; andFl G
5 illustrates operations carried out by the receiver shown in FIG 4 .

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [ Description of Notations]

11 VSCRF- COMfOGESS i Y BTl 'dre G4AN BReGORNED %?{axs‘%ﬁﬁnﬁﬂn“”i t 13 | FDVA

processing unit 14 conpression and repetition unit phase nodul ator 16
time domabn spreadPrgcunptio? dit Hovatpansiunit 18 spreading factor

controller 41 tingldggﬁk@_egﬁgrggggggsgggtuﬁgtphase denodul at or

12 frequency domain spreading unit

13 IFDMA processing unit

14 compression and repetition unit

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



43 fast Fourier transform (FFT) unit 44 frequency donmain equalizer 45

i nverse fast Fourier transform (I FFT) unit 46 frequency donmai n despreadi ng
unit 47 swopeauveigsopact or controll er [ Best Mde of CarryiPRE/JERM8/HTE36

| nvention] The preferred enbodi ment of the present invention is described
bel ow i n conjunction-with the attached-%rawings . First, the basic idea of
the present invention is explained. Two-di mensional code spreading for

i nterl eaved FDVA %2CS—IFEMMO is simlar to VSCRF-CDVA in concept, that is,
i ntroduci ng ©dd¥SERFe&dMAg iSAng® HRDVRCRFSTOMA ARTn ERDMPNSYSILEMS st e

domain, is iRQQL HQJ @fa%@lte@t QFRde SR aﬁl AN 4 hep 8k glﬁ%ua%ﬁeé igonai n

spreadlng as in a VSCRF- CDVA system i mensi onal spreading
of 2CS- | FDVADEft ﬁﬁ@dpd@séﬁpamﬁ¢@ﬂtﬁdwﬂl§r@@NeaC§tdamghmﬁomwéﬂ¢eexmen5|on to

frequency do%ﬁth%B 23dingal YnER g@@@ﬁ 5y S &R9V§98Fd o nlaTOMA

systens, a single carrier schene i he tinme Chi's not
readily s@pac@@edspm@aﬁﬁngqmenbylmam@hnwhunmlhee|baw&utp@arrier DS- CDVA

System, X! sLi09 s duTBE ORph, SO08 HRCAdNg .t BN USSR Pre

based on nul ircarrier CAnfot S|np 5 | FDMVA
systens as t ey I&DMA bysthmspaefamegdaa@bodlnent tinme donaln spreading is

Copi o5 or ropl| cabhor e BE EOb BaKoTRATEReBa ot HROCHORSL  bBERCRtb Bt od (o
frequency donsi peeddemedr eadiadd,i tdompres Sirequandyr epakih epreadd nghase

10 To be more precise, copies or replicas of a data block,
which data block has been subjected to frequency domain
code spreading, compression and repetition, and phase
modulation, are made in accordance with the spreading
factor of a time domain spreading code, and a set of

15 replicas of each of the 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



nodul ati on, are made in accordance with the spreading factor of a tine
domai n spreadi ng code, and a set of replicas of each of the sub-blocks in

t he dat a Wo@eW/@e’onul ti plied by the tine domain spreadPAE/JEUI®0WSuence.
As a result, redundancy is increased for each information itemto be
transmtted, as conpared wth conventi-drifat VSCRF-CDVA, to the extent of the
replication. Because reliability of data transm ssion is inproved along
with the increase in redundancy, this technique is especially advantageous
for uplink tedissitesi egcordipiachorshanapphasis iiss igedc €onga tipgaal

{ransm st on stehl a8l biobpr o 1B 49mRi(BsBseadhag s cgenaral L myr e capabl e

of mai ntaining code or Ity in a wreless channel likely'to be
subj ected t osbregderiéyegekacti velbadiingtyVar L&S-dHOMaAr 8agsaabeytasgligi bl e

in the time germin Lo Lhe duaation 0l AA2n0sRRECWEhADHA sYEROLpCOompar ed

w th frequency donmain variati ohs requency onaln spreadlng,
2CS-IFDNNSac¢o¢dﬂngp¢gaﬁhegeﬁbcdbmenancan venbikihedi Agrgkabyel s nore

ef ficiently because; ¢l sPLead ng, Lagt ops L Lime and.f Leayengy gomai ns

may beadjuste according to c anne stical “con |t|ons such "as Doppl er

spread (or u§e9qmahCW|ﬁphaandsdebaﬁisgréadt@traqueedmcsdlermbuhyhg

2CS- | FDVA has. a _better supp r.ession ab|I| th VSCRF- CDVA because
FiERRE (CSRye iy

the total spF@églﬁﬁmP§858POBaﬁ e TTRF increasing the tine
domai n spreadgmgobanhoﬁzetebnlbfpbemhueque@@$l@oaab@ssnmqads@gsfantor is
edloed ) ForpLal SR COmpress! oncRN] el Ll g (OER o L,
flexibility to reduce MAI or accommodate more users.
Moreover, a large 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
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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

configured to produce a



repeats the conpressed data synbols a prescribed nunber of tinmes. The phase
nmodul ator 15 nmultiplies the conpressed and repeated data synbols with a
phase forweaeh/a3gwp (to perform phase nodul ati on) to naRETHR2M8/NT08ME oOf

i ndi vi dual users distinctive fromeach other. The tinme domai n spreading
unit 16 nmakes copies or replicas of a phase nodul ated data block with a
prescribed length, and multiplies the replicated data blocks with a tine
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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



the intersynbol orthogonality as nmuch as possible. FIG 2 illustrates
operations carried out by the transmtter showmn in FIG 1 . Signals
represent®e 2010/65989ol s A through E in FIG 2 correspondPCa/IPHO8R70appeari ng
at nodes A through F showmn in FIG 1 . (A) Channel coded and nodul ated data
symbols d , d2,...dDwith | ength D defildhg vector d=(di, d2,...dD) appear
at i nput node A of the frequency domain spreading unit 12. The length or

t he nunber of dat a fﬁlrﬂ)o' s defining the input vector nay be selected
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repeated chips are output from node 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(1l-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)
=(ai, az*exp(-3j¢),...a*exp(-J[(L+L,)0-11¢), (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



nodul at ed data synbols) at a tine with a block durati onTk=DcTd Q cTs. At
the conpression and repetition unit 14, a unit block of Q (QDcGE) chips
are takenwonomnad2snonpr essed L+LD tinmes to chip durati onpECAPR08/(1053D) ,
where L denotes the effective synbol duration and LD denotes a guard
interval inserted to allow coarse tinme-¥4nchronization anong sinmultaneously
accessing users and to avoid interference between spread chips. The size of
LD can be set independent fromL . The conpressed and repeated chips are
out put from haaewddsh tilse spaepde Ssirdmeandyr @pdisictioan odnilt comparpd Tiee chi ps
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as BPSK, QPSlkheeireeqlibpcyl emant thirsrighuldhipl icomipres siphasadnodul ation in
| FDVA) assures user discrimnation hy assi gtni,ng]fto each user_a set of
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compression and repetition 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



ot her users to avoid MAI . After conpression and repetition, the
transm ssi onbandw dth is spread further by a factor of L conpared to the

f requencywoeomigs2gnode- spread chip rate. Mreover, the freguemnoyompsct rum
becomes conb-shaped with Q subcarriers equally distributed within the whol e
transm ssi on bandwi dth and L zero poi nrtls4 n between due to the repetition
(see FIG 3 ) . Although in this enbodinent a single-carrier schene is

enpl oyed, nultiple subcarrier conponents appear at nultiple positions al ong
t he frequencygparias mataighochispzeoBpriegsibhALand,r eyetnd iGnisThéesubcarri er

position at fter [ i r Ltion i for al
t he users; hg%g%eg?%ﬁgg § %%gﬁﬁﬁérQQSE? Foﬁgﬁ ?Eﬁgdgl%ha?fggggﬁgge
nmodul ati on vdpypadhongrtihé ibnequehepneti saanengonsease ardltibebdentinshaped

spect rum of user. i s _orthogonal t.hose.of all other IS, ot a
bandw dt h sp?ggd%ﬁgengﬁ é%f%o%eﬁégapﬁ§§%%§8 Sgegggrggfgggfﬁghgﬁﬁg%e t he
| FDVA- bas®d gyatiein dan oauppeessde] oliemaugesetonsdst) hantr guercyhdonai n

spreading factaor. On.the other hand, .the greater L the nore capability the
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| FDVA) . I n YBeRFtEeMAinef depdih apeecaBRhePlbat ekp-seheakednad as to reduce

OCl and MAI at the sane tinme. (E) Tinme domain code spreadin isMRerforned
on t he thsespreadlng) is employed in channelization to combat I
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



nodul at ed chi ps. The phase nodul ated signal (D) contains (L+L D )X Q chips
in a unit processing block. In other words, the processing bl ock includes
(L+L") subehkbmalsssooeach contai ning Q chips. The tine dowraraprapseadsang unit
16 takes the (L+LD) Q chips together, and generates aspread matrix of size
G by (L+LD)xQ where G is the tine dont n spreading factor. Conpared with
frequency domain variations, channel variations are negligible in the tinme
domain for the duration of one spreading bl ock (which is on the order of
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out puts each of the serial streans of bl ocks fromth _natriﬁ signal E
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RF 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



conversion, and transmtted through a wirel ess channel. In the exanple
shown in FIG 2 , the tine domain spreadi ng code sequence is arranged al ong
t he col urwO 2a0d5¢806L. D ) sub- bl ocks are arranged al ong PREJIPYNB/0T0A3G he
matri x. However, the directions of chip arrangenent nmay be appropriately
determned. It should be noted that amliterleaver (not shown in FIG 1)
may be optionally added right after the phasenbdul ation unit 15 to

random ze si%nal chips so_ as to increase the system frequency donain
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ki nds of appaPathSedrepnencecepiainbasical ly perfornms operations the
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equal i zation in the frequency domain to further inprove the receiving
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denodul at or f i.e ansf,o ( i f e domai n
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in the tinme domai RigThd sipiosesstes dsspreadidgwparsbeonpepatfomed t he

time dO@HSﬂ %Rr%ﬁglQ%c%gbgrlgh%agm@nlEIE[Gh.lA'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



The phase denodul ator 42 multiplies the tinme-domain despread signal with a
user dependent phase to perform phase denodul ation. This process is

associ at ayOrPt5e8ve operati on of the phase nodul at or 15PERORRNIOB/ATORIG. 1 .
The FFT unit 43 perfornms fast Fourier transformto convert the phase
denodul ated signal to a frequency domai¥8signal. The frequency donmain

equal i zer 44 perforns equalization in the frequency domain. The I FFT unit
45 perfornms inverse fast Fourier transformaon the equalized signal. The
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factor G of fhhe v equenNcyndouBhNLRET 2MbNdore9s aBdet BsraRaSAYi AF4f act or
G of the tine domain spreadi ng code based on the frequency domain and tine
domai n sp? eadiesprieactiogs of the received signal. Fig. 5 illustrates

despr eadi ng. oper aki pRS.RAT ABEMEAoLA LHCFEECCYer SOPHRLToELG, fay A Signal
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t hrough a w bel pdsceldamddler The rdoe demadingdalspreedangy uind teXgr éfsed as
y=hxin, (3) ghare g bhe sehanngl ml ciox gl Lhe uiiigless channel with
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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)



(AWGN) . The transm ssion signal x corresponds to the G block data, each

bl ock containing (L+L D) Q chip subblocks, illustrated as signal Ein FIG
2 . The reoedvwad2pgnal (a series of & bl ocks) is stackR€Ed/JBYWO8/070536
bl ock- by- bl ock corresponding to a tine domain spreading matrix (i.e., a &

by (L+LD) matrix), as illustrated in FiX@-5 . The input data for the tine
domai n despreading unit 41 is the convol ved out put of chip blocks with
channel vector h , having @& rows and (L+LD) Q chip col umms. To despread,
each row i s FYPYPPIPEd with the corresponding chip of the user' s spreading

code (tine-domai n)raad ﬁﬂ&'@é’ 8%&h§§t1&ﬁ '§ﬁé59”§éimé8@1a€écﬁn‘v‘cl€i£’ﬁ§' ”
channel variation duri n% transm ssion of G blocks is ne gl bl e.
e

mul ti-cell oRrRuPBsEser tenfhroREEntaitodB wadhVvRETapé z8u pr §§@§16§3 a

factor of QG ¢hfar %QQﬂeQetEbH%fQQFﬁ%Qt%‘?LQea%p'%ea%gggaﬁﬂlﬁe%e%gg' ng. _
Al t hough not shown I n , a deinterleaver may be placed after the tine

domai n de%pr eddemgRBA| € s4expregredneer | eaver is enpl oyed at the

transmtter. The tine-domain despread chips are then fed to phase

denodul ator 42 where the signal is denodul ated as where b(i_i) Q+q is the

[(I-1)Q+tq] th el enent = tibbeHgespriead chips correspondimg to transmt

chi ps after denodul ation b shown in Equation (2). Simlar to the | FDVA

recei ver, the denodul ated signal sq (g=l, ...Q is rewitten as s=sq h+n,

(5) where n i«vheh:laedliag_ub(t)i ng @ diagpsbdnaktANENwicht diagndah is the

@ di mens] pnal, channel (IPULSE LSSRAIRS PR I NPT 2T G4 VED B
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
c(Fes)+ Fleg=s+Fl-g, (8)

a good approximation of s with estimation error F!



where Mis the nunber of taps of the channel inpulse response vector.
Vectors s and h are (cyclically)convol ved. After phase denodul ation, the Q
denodul at\e 2019/45280ar e passed to the FFT unit 43 with FFPCIIIR20EPT05Eenot i ng
the Fourier transformmtrix as F, the Qchip vector after RRT is
expressed as S=diag(H) S+N, (7) where-2fl-ag(x) is a diagonal matrix with

di agonal elenents the sane 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 domai n equalizer
44. Each el ement Bheveguatizedssagnetst 28 B9 AVEBNENThEF@HBEBCY sE@BREN ONe- t ap

equal i zati on 4 %P%%%Bh% I%FEQ g%ovhﬂgr@neggklgai gé Sub- 595CEX§PD£§%

one-tap zero Cclng equall zer est| mat es each r]t of S, .I . e
(g=l,...Q, bypmyl tispryilhdpdded whthn\feseguu@ncwf dohe ig- skreldipgt cotleH |

(Hg) 1 . Mnigu - reerro - q ' S

i pl i ng & SPEnCRTTEy Biehs roRiet SPaSWBLLEERRCLE TEL SR A Y |

be not ed 5hasymbbdme ddmaknthquﬁkbqeencsudbmasnadespvenﬂu@galMWESEnd
equal i zer, ires conplicat d ALl LiC oner tio for S|ng

mul tiple tap%@ A 1°EP rFF?quen8§thona|X eq%a %fgrgzb Fevggﬁggg fization
by sinple onehbaﬂempetaUIegmbomenamengabhede$b|aaﬁbcndemror of Sis e, so

that th h t ft f I b tt
2 F st - AEEFERRETAREr 5P GG CTRE PIaT NG B R VeBtor is F 1 (F

s)+ F 1 e=stkahsm@tted@kignal 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.



a good approximation of s with estimation error F 1 e .The equalized
signal is fed to the frequency domai n despreadi ng unit 46, where each

G -chi p sWD-2b1045R800f the input is multiplied with frequ@GEYPUOBATON36
spreadi ng code cf and sumed up to produce the detection of transmtted
synbols. After the frequency domai n despkeadi ng, MAI and OCl are suppressed
further by a factor of . Finally, the detected synbols are passed to a
decoder corresponding to the channel encodlng, and the transmtted signal
is recovered through further operatiords:Afhe FFT unit 43, the frequency
domai n equalizer 44 and the | FFT 45 used in the aforenentioned enbodi nent
are optional for 2CS-|1 FDVA; however, frequency-donain equalization is
advant ageous when perform ng singlecarrier data transm ssion. In general,

mul ticarrier transpLsshoR ks %ggg 0 single-carrier transmission as
| ong as the peak-to-average powe rat| i ssues are overconme. However, the

recei vingd qual i t yachhrde $mp¢@dedgbynpbr¢©mﬁ1@gr$deQQem@ytu@hﬁlﬁach
equal i zati on ‘i‘vﬁng‘ﬂlﬁgﬁt Rg %Iat arfs H 2R LSS ?Er%%hgﬁfr'eaﬁ@q si gnal

quality as high a I'ca rler transm ssion schems can
achi eved. Lesedeospherinty oﬁ ahéltﬁeqaemeyddogaﬁaceqmalizer is also an

advant age, as, comparedLLls Lhe. bh e JOTRL Do£ayal | 260y c Al halgfonot shovn

in FIG 5, the p ase enDdu ate econpr essed he’time domain
to output D dempmpsesaadoamgnals;gaad edichhef ftimetDsgeecanpngssedtsignal s i s

LT D LD LeAUe A TR 8P R 5008k RAYCT Rekns e
(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
15 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 spreading factor and |
multiply each set of the replicated sub-blocks having a

20 same content 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-

25 carrier transmission scheme.

2. The transmitter of claim 1, further compriéing:
a spreading factor controller conflgured to adjust
30 a ratio between the first spreading factor and the |
second spreading factor;
wherein a total spreading factor is proportional to

the first spreading factor and the second spreading



1. Atransmitter conprising: a first spreading unit configured to nmultiply
each of a plurality of data synbols with a first spreadi ng code sequence of
a first swPeawoIgsohactor; a conpression and repetition BETIPAOMDTO§Ir ed t o
conpress an output signal of the first spreading unit in a tinme donmain and
repeat the conpressed signal L tines ( e L is a natural nunber greater
than or equal to 2); a phase nodulation unit configured to nultiply the
conpressed and repeated signal with a user dependent phase and output a
data bl ock céASit&Ti-ng of L subbl ocks; a second spreading unit configured to
replicate the data bl ock according to a second spreading factor and
multiply each set of the replicated sub-blocks having a sanme content with a
second spreadi ng code sequence of the second spreading factor to produce a

twodi mensi ongl | ¥ ﬁl%g_q@ gkghak: naddnd Wheehess shianem 8¢ @Rathi i configured
to transmt the two-dinensionally spread signal using a singlecarrier

transni ss?on schene. 2 . The transnitter of claiml1 , further conprising: a
spreadi ng factor controller configured to adjust a ratio between the first
spreading factor and the second spreading factor; wherein a total spreading
factor is prdpoft itorasmtiestihe fietbpdsprepdisgnbather sartst bé:second

gt AT TR AR R
with a first spreading code sequence of a first

‘10 spreading factor;

compressing a resulting multiplied signal in a time
domain and‘repeating the compressed signal L times
(where L is a natural number greater than or equal to
2);

15 multiplying the compressed and repeated signal with
a user dependent phase and outputting a data block
consisting of L sub-blocks;

replicating the data block according to a second
spreading factor and multiplying each set of the.

20 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; 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
30 with a first Spreading code sequence of a first
spreading factor;
compressing a resulting multiplied signal in time

domain and repeat the compressed signal L times (where L



mul tiplying each of a plurality of data synbols with a first spreadi ng code
sequence of a first spreading factor; conpressing a resulting nultiplied

si gnal i rwe2010/M32800mai n and repeating the conpressed si §6AIJPL008/HTHE (wher e
L is a natural nunmber greater than or equal to 2); nultiplying the
conpressed and repeated signal with a dependent phase and outputting a
data bl ock consisting of L sub-blocks; replicating the data bl ock according

to a second spreading factor_and rmultiplying each set of the replicated
sub- bl ocks havi Aghatidme BYAPEAt InFEReE §BEBnATsEABAdi K €dde sequence of

the second spreadhnpt{ Ly Ohgt OnOr OGHS L S dd0ak NBESE2NSH | ¥i g4 Bagli shgnal ;
and transmtting the two-dinensionally spread signal u3|n% a single-carrier
transm ssi onasefexedependgnt, pjram predaetPrasianl abFatenPacednputer to

cause the copHtekthfgPekf or subhe18EgRS 9hq multiplying each of a plurality
P {

of data synbols with a first spreadi ng code sequence of a first spreading

factor; conpressirephieatimgiblae ndrta prleek sag@ardingtiereadepadrdand repeat
t he conpressggﬁﬁ??gﬁg kaE%g§SakﬁhﬁhﬁtkgiggaaaEHEﬂls ¥nper cgeeater than or

equal to 2); ing the conpresse repeated signal with a user
dependent phasplandtedt pubtbagcksdabaibboeksewasiceonirgtofvikhsab- bl ocks; and

ggriggﬁ;}gg LOEAA! 3,01.80k3CE8E' BdhRnRESBEORASBEEBANEptAGHhgA
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 configured to receive a prescribed

15 number (SF.) of data blocks transmitted by a single-
carrier transmission scheme, each block consisting of a
set of L sub-blocks;

a first despreading unit configured to multiply
each set of a prescribed number (SF.) of sub-blocks by a

20 first spreading code of a first spreading factor SF¢;

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

25 each element defining the phase demodulated signal with
a second spreading code of a second spreading factor SF
and output data symbols, where L, SF: and SF; are natural

numbers greater than or equal to 2.

30
7. The receiver of claim 6, further comprising:
a combination of a Fourier transform unit, a

frequency domain equalizer, and an inverse Fourier



replicated sub-bl ocks having a sane content with a second spreadi ng code
sequence of the second spreading factor to produce a two-di nensionally
spread siwoab10/632800A recei ver configured to recover trampsmiptoosiomgsdol s
from despread data synbols, conprising: a receiving unit configured to
receive a prescribed nunber (SFt) of d&4 blocks transmitted by a
singlecarrier transm ssion schene, each block consisting of a set of L
sub-bl ocks; a first despreading unit configured to nmultiply each set of a
prescri bed ntwbasfogmt yngt josepiteck behyegnf ithet Phpseadergdeddéion a fir st
spreading faghot Sl cAePlasendendyl-abidn i cconfigured to mltiply the
despread signal wth a user dependent phasg to perform phase denodul ati on
and a second dispreading unit configured to nmultiply each el enent defining
t he phase denodul ated signal with a second spreadi ng code of a second
spreading factor SFf and out put data synbols, where L , SFt and SFf are

nat ural nunbér.s Agbeaeestieliannohaeqnagl the 2eceiverThé céeemvér of claim6 |
further conprising: a conbination of a Fourier transformunit, a frequency
domai n equalizer, and an inverse Fouriertransformunit inserted between the
phase denodul ati on unit and the second despreading unit. 8 . A base station
havi ng the receiver of claim6 . . A data.recov t hod conprising the
steps of: recei ﬁ@té 5?8?8?F8e&eﬁﬁﬁgeF°F§§ﬁf189 gh%agEFBEKQ%transnitted by
a single-carrier teadswisngi &NpsehHerthbe@asBmbeoCkSEQNTSidatth Blarieet of L

sub- bl ocks; , , , L
10" transmitted by a single-carrier transmission scheme,

each block consisting of a set of L sub-blocks:;
multiplying each set of SF: sub-blocks by a first

spreading code of a first spreading factor‘SFt;

| 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, SF¢ and SF; 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 extracting each sub-block set from a prescribed
number (SF.) of received data blocks having same content,
each data block consisting of L sub-blocks and each sub-
block set including SF: sub-blocks same content;

multiplying each set of the SF. sub-blocks by a
30 first spreading code of a first spreading factor SFi;
multiplying the despread signal with a user
dependent phase to perform phase demodulation; and

multiplying each elements defining the phase



mul tiplying each set of SFt sub-blocks by a first spreading code of a first
spreading factor SFt; nmultiplying the despread signal wth a user dependent
phase to werhovieghase denodul ation; and nul tiplyi ng eaebTabaweniossefi ni ng
t he phase denodul ated signal with a second spreadi ng code of a second
spreading factor SFf and outputting datzbsynbols, where L , SFt and SFf are
nat ural nunbers greater than or equal to 2 . 10. A program product
installable in a conputer to cause the conputer to performthe steps of:
extracting edemosluBabedckigenlf wotthaapsesonidbegreanieg €SEe) obf ar ecei ved

dat a bl ocks [ e ch b ISk f b- bl ocks
and each sub ?%83% g?ﬁgﬁﬂglgécgﬁ? 5?%$%c Sgé%ﬁgfﬁg @%ﬁ%;gygﬁ??%1ylng
each set of wherSFL,sdb: bdndkSFhyarze matstraspmeadiany codsmtafr &bfarr str

spr eadi ng factor SFt nultiplying the despread signal with a user dependent
phase to per p se “denodul ation; and multiplying each el enents defining
t he phasedenndulated signal with a second spreadi ng code of a second
spreadi ng factor SFf and outputting data synbols, where L , SFt and SFf are
nat ural nunbers greater than or equal to 2.



