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Division Multiple Access (CDMA) system is designed
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activities for future wireless communication systems. The Variable

Spreading Factor-Orthogonal Frequency and Code Division Multiplexing
(VSF-OFCDM) system has been proposed as the most promising downlink
wireless access scheme for broadband packet wireless transmission (see
H. Atarashi and M. Sawahashi, “Variable spreading factor orthogonal
frequency and code division multiplexing (VSF-OFCDM)", 2001 Third
International Workshop on Multi-Carrier Spread Spectrum (MC-SS 2001) &
Related Topics, Sept. 2001).

VSF-OFCDM, a variant of the multi-carrier Code Division Multiple Access
(CDMA) system, is designed to achieve a very high transmission data rate
even in the challenging radio propagation environment with multi-path fading,
taking advantage of both multi-carrier and CDMA systems.

In VSF-OFCDM systems, multi-carrier signals can be spread in either the
time domain or the frequency domain. It is shown in H. Atarashi, N. Maeda,
Y. Kishiyama, and M. Sawahashi, “Performance of VSF-OFCDM with Two-

dimensional Spreading Prioritizing Time Domain Spreading,” Technical



time domain or the frequency domain. It is shown in H
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of I ElICE, RCS2002-85, June 2002 (in Japanese) that
time domain spreading is befter than frequency domain
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systems where FFT is performed at the chip rate. Therefore, there is a need

to simplify the receiver for use in time domain spreading VSF-OFCDM
systems.

Summary of the Invention

In general terms, the present invention proposes a receiver structure for a
VSF-OFCDM system with spreading in a first domain, such as the time
domain, in which the received signals are despread in this first domain,
before being transformed into a second domain, such as the frequency
domain by, for example, the application of a Fast Fourier Transform (FFT).
Therefore, the frequency of FFT operation is reduced by a factor of the
processing gain of the spreading and is at the symbol rate. The simplified
receiver structure embodying the invention aims to reduce the system
computational load and/or power consumption.



domai n by, for exanple, the application of a Fast

Fourier Transform (FFT). Therefore, the frequency of
WO-BDsopIBat i on i s reduced by a factor of the PCT/SG2003/000298

processing gain of the spreading and is at the synbo

rate. The sinplified receiver structure enbodying the

invention ains to reduce the system conputationa

| oad and/or power consunptioh. WO 2005/ 062732

PCT/ S&G2003/ 000298 3 According to a first aspect of

the present invention there is provided a receiver

for use in a variable spreading factor-orthogona

Accendiencio andirstosepectliofi FieoPraabriti .ak/sm.csrg theHOprMed a

syste said receiver being arranged to process a
f?@%'é‘?f/ Usegna varehisgpreadingstectaitarthagongl fraqeenwm code
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Areasss aneeqeivetbtsignal realimp <irt izeB8ociktstRichip ¢68), Velld receiver
signal. to forma nodified signal; a first converter
ert|ngthe nodi fi ed S|gnal froma serial

sequence to a parallel sequence; a despreader coupled

to sai gediidride £RBHEDRYENIRET FGGR d%?%r%d@@rﬂn{éﬂ number

sequence and for despreadi ng sai sequence
qié}hl%frgng ﬁbiﬁﬁsbionesmﬁ’det%mnmd posuhogmfaslald rrammﬁenl signal to

Bl r{?%krgyngléﬁss?&}%o sai d despreader for transformng
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transforrred Si ?eggegto reduce channel distortion and
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coupled to said equalizer block to receive said

equalg gespreabBAtodiled t8'sBicP it cBhEEMEAT e SdidNG' said Prallel
sequence and for despreading said parallel sequence to derive a group of
symbols;

an orthogonal transform block, coupled to said despreader for
transforming said symbols from a first domain to form a transformed signal in
a second domain;

an equalizer block coupled to said transform block for equalizing said
transformed signal to reduce channel distortion and form an equalized signal;

a deinterleaver block coupled to said equalizer block to receive said
equalized signal and form a deinterleaved signal; and

a second converter coupled to said deinterleaver block for converting

said deinterleaved signal from a parallel sequence to a serial sequence.

According to a second aspect of the present invention there is provided a

variable spreading factor-orthogonal frequency and code division



a second converter coupled to said deinterleaver block
for converting said deinterleaved signal froma
wW@an0alobsB2 sequence to a serial sequence. Accoprdi/AG2008000298
a second aspect of the present invention there is
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frequency and code division WO 2005/ 062732
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deinterl eaved signal froma parallel sequence to a
ser i Zlonyegingnthe nmdifigd Bighal iffm om sefiat seqenes nys parallel
SPrgfﬁrred features of the invention will now be
GasE F%ed, for the sake of

despreading said parallel sequence to derive a group of symbols;

transforming in an orthogonal transform block said symbols from a
first domain to form a transformed signal in a second domain;

equalizing said transformed signal to reduce channel distortion and
form an equalized signal;

deinterleaving said equalized signal to form a deinterleaved signal;
and

converting said deinterleaved signal from a parallel sequence to a
serial sequence.

Brief Description of the Drawings

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following Figures in which:



illustration only, with reference to the follow ng

Figures in which: WO 2005/ 062732 PCT/ S&003/ 000298 5
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Figure 1a shows a conventional transmitter for use in downlink VSF-OFCDM
systems with time domain spreading. For each user k (where k=1,2,...,K),
the modulated data sequence is first converted into Nc parallel sequences in
a series-to-parallel converter 2. Nc is assumed to be equal to the number of
multi-carriers of the VSF-OFCDM system, for simplicity. The Nc parallel
sequences are then passed to an interleaver 4. Without loss of generality, a
block of Nc symbols for each user k is considered and denoted as 47 after
interleaving, where n stands for the nth symbol and corresponds to the nth
subcarrier (n=1,2,...,Nc). Each of the data symbols, 47, is then spread in the
time domain in a spreader block 6 with G chips per symbol. The spread chip
rate data are then mixed with that from other users at the code MUX block 8
before being transformed into the time domain by the application of an
Inverse Fast Fourier Transform (IFFT) in an IFFT block 10. The resulting



before being transforned into the tinme domain by the
application of an |Inverse Fast Fourier Transform

w@ #E/D$278n an | FFT bl ock 10. The resul ti ng WO PCT/SG2003/000298
2005/ 062732 PCT/ S&2003/ 000298 6 serial output signal
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I%IC%IV%S the serial signal output therefrom.

At the receiver of the desired user, the GxNc components (chips) of the
received serial signal in the time domain are processed to remove the cyclic
prefix. ~The processed signal is then converted in a series-to-parallel
converter 19 from a serial sequence to an array of parallel sequences, each

sequence corresponding to one of the multicarriers in the system.

The chips in each sequence are then grouped together and despread in a
despreader 20 corresponding to the particular user and the despread signal
is transformed to a frequency domain signal by the application of a Fast
Fourier Transform (FFT) in a FFT block 22. The transformed signal is then
equalized in an equalizer 24 and deinterleaved in a deinterleaver 26. The
deinterleaved signal is then converted back from a parallel to a serial

sequence in a parallel-to-series converter 28.



is transfornmed to a frequency domain signal by the

application of a Fast Fourier Transform (FFT) in a
WGOBDslb8k 22. The transformed signal is then PCT/SG2003/000298

equalized in an equalizer 24 and deinterleaved in a

dei nterl eaver 26. The deinterleaved signal is then

converted back froma parallel to a serial sequence

in a parallel-to-series conerter 28. WD 2005/ 062732

PCT/ SG2003/000298 7 In the transmtter illustrated in

Figure la, the transmtted signal during one

VSF- OFCDM bl ock symbol in the frequency domain (before
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spread | ess than the length of the cyclic prefix. In
t he conventional receiver illustrated in Figure 1b, as

€i oned above, the received signal, after renoving
the cyclic prefix, is transfornmed back to the

S=[s1,s2, 5851, e CMex©
= [s g, L850 ]T, (g=1,..,QG), eC™
Ck = dzag(ckl,ckz,...ckG ) e C%*¢
D, =d, e e Cx¢
d, =[d;,d;,....d;°1", eC™®

Ckg is the gth element (g=1,...,G) of user k’s spreading code, e is a G-length
row vector with all one elements, and ‘T’ stands for transposition.

It is assumed that the channel impulse response has a finite maximum delay
spread less than the length of the cyclic prefix.

In the conventional receiver illustrated in Figure 1b, as mentioned above, the
received signal, after removing the cyclic prefix, is transformed back to the
frequency domain by application of a Fast Fourier Transform (FFT). The
received signal (assuming user 1 is the desired user) in the frequency domain
may be written as:

Y=HoS+V, e cNex@ 2)

where H is the Nc-by-G matrix with (n,g)th entry (n=1,...,Nc and g=1,...,G)
corresponding to the channel response in- the frequency domain at the nth
subcarrier and gth chip, V; is the additive white Gaussian noise (AWGN)



frequency domai n by application of a Fast Fourier
Transform (FFT). The received signal (assum ng user |

WO gooshe278esi red user) in the frequency donmai n POE§GH®3/000298
witten as: Y=HoS+Vf ECNcxG (2) where His the
Nc-by-G matrix with (n,g)th entry (n=1,...,Nc and
g=1, ..., G corresponding to the channel response in.
the frequency domain at the8nth subcarrier and gth
chip, Vf is the additive white Gaussi an noi se (AWGN)
WO 2005/ 062732 PCT/ S&003/ 000298 8 corrupted in the
frequency domain, and 'o' stands for Hadamard product
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of the received signal block in the tine domain after

renoving the cyclic prefix nmay be denoted as rl SL

z=(YaBW --- riNc,rz rE&E where the superscrlptK

and subscrlptlon stands for correspondi ng frequency
cand chips per frequency bin respectively. As

nmenti oned above, in the receiver of Figure 2, unlike

conventional VSF- OFCDM receivers of the type

Ad[byst, ratEsel, fosct¥xanple in Figure 1b, the chips

T G
¢; =[ey, e, el eC

W=[W1,W2,-“,WNC]T, eCNc

In the receiver embodying the present invention illustrated in Figure 2, the

GxNc components (chips) of the received signal block in the time domain
after removing the cyclic prefix may be denoted as rl,r) ...rk, -, i, 1 .12,

where the superscription and subscription stands for corresponding
frequency bin and chips per frequency bin respectively.

As mentioned above, in the receiver of Figure 2, unlike conventional VSF-
OFCDM receivers of the type illustrated, for example in Figure 1b, the chips
are not fed to the FFT block directly, but are instead grouped firstly according
to a different frequency bin after application of a Fast Fourier Transform
(FFT). For example, the signal components (chips) corresponding to the first
subcarrier after FFT, #',r},...,rt are grouped together. The time domain

———

signal after grouping may be written in matrix form as:

R=F".(HoS)+V, e CNexG 4)

where R is the Nc-by-G matrix with »;

g

as the (n,g)th entry (n=1,...,Nc and
g=1,...,G), V is the time domain AWGN noise matrix, and F is defined as

Discrete Fourier Transform (DFT) matrix with wy"™ =1/\Nc -exp(-j2mmm | Nc) as



are not fed to the FFT block directly, but are instead
grouped firstly according to a different frequency
whrwsabi7er applicati on of a Fast Fourier TransPCr/8G2003/000298
(FFT). For exanple, the signal conponents (chips)
corresponding to the first subcarrier after FFT,
ri,rz,..., rGl are grouped together. The tinme domain
signal after grouping may be witten in matrix form

as: R=FH (HOS) +V1 ECNcxG (4) where R is the Nc-by-G
matrix with rg as the (n,g)th entry (n=1,...,Nc and
g=1,..., G, Vt is the tine domain AV\GNnmse mat rix,
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loagthatectar, k¢. x =Rcl CNo (5) It shoul d be noted that
the size of the despread signal sequence is now
reduced by a factor of the processing gain, G this
beRng the ratio of the chipc™ate to the synbol rat®.
Therefore, the Fast Fourier Transform (FFT) bl ock 22
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S e DRSS Bk IE e ash T hopySliabas rHeaivers, for

example that shown in Figure 1b, which work at the chip rate.

One of the main factors in the computational load and/or power consumption
of receiver circuits comes from the Fast Fourier Transform (FFT) block 12,
22. The receiver embodying the invention illustrated in Figure 2 has a
decreased working rate of the Fast Fourier Transform (FFT) block 22, and
can thus reduce computational load and/or save power consumption by a
factor of the processing gain of the time domain spreading VSF-OFCDM
system, compared to conventional receivers of the type illustrated in Figure
1b.

In the receiver illustrated in Figure 2, after equalization by multiplying weights
for subcarriers in the frequency domain, the resulting statistics vector z before
deinterleaving may be written as:

z=(F-x)ow e e B8)



decreased working rate of the Fast Fourier Transform
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processing gain of the tine domain spreading VSF- OFCDM
system conpared to conventional receivers of the type
illustrated in Figure 1 b. In the receiver
illustrated in Figure 2, aft@r equalization by
mul ti plying weights for subcarriers in the frequency
domain, the resulting statistics vector z before
deinterleaving may be witten as: Z=(Fx)ow ECNO (6) WO

120APhe68aet? tIETIhaCERMAiglie¥) ORas is 1ke Idigvdls lafles sqedishbied but
the statistics, that is the si gnal s after equalisation

bsiiere dsinisFleadiepnethotbdbengseiver aeaaidingdor@scempegiment of the
iSR! M @ &fhv@ﬂﬁf?rqél"@e&v@; e}rQ%quN?s\Y&ﬂt 'Iﬁ '?a{?(ngulggﬁutmg X

convent1 onal” Tecelver,

amdhiR fiohu egogtions (am)dmla (59 mp@@tx%lypmo fotiutan B)( Gives:
respectively, into formula (6), gives: z=(FRcl)ow
={F[FH (HoS)+V,]cl}ow (7) ={[(HoS)+V f]cl}ow where
zF—(fFI—R-eIl)wFV —vf and | is the identity matrix. It

\A@‘Iﬂﬁ @p ]E eseenthat the formula (7) is 7
g Ul a (3) above, wth'Y substitute<d by
Haf s (]2‘)1 Yn summary, the invention proposes a

SI rrpllfled receiver structure for use in VSF OFCDM

stens 4t hat_incor por readi ng. The
VTR Ky Ien‘faé’dylvﬂgatn é'?h’ g ‘to reduce the

conput ational |oad and/or power consurrptl on by a

I{ @/ﬁffﬁ ré’ft)ré BS s%%ﬁwetﬂg't g%f Fo‘?ﬂu?é ?nt?éé?%c? By II% nggbove,

conprom Sihg system perftor manc ati's
witreYdgibstittte® by éornda (Rpt hemat i cal I y equivalent to
that of the conventional receiver.

In summary, the invention proposes a simplified receiver structure for use in
VSF-OFCDM systems that incorporate time domain spreading. The receiver
embodying the invention aims to reduce the computational load and/or power
consumption by a factor of the spreading factor of the system, without
compromising system performance, as the statistic at the deinterleaver is

mathematically equivalent to that of the conventional receiver.

The systems and methods according to the present invention may be
particularly useful in the production of devices for use, for example, in a
VSF-OFCDM system acting as a downlink broadband packet wireless
access scheme for 4G technology.

Various modifications to the embodiments of the present invention described
above may be made. For example, other modules and method steps can be
added or substituted for those above. Specifically, the invention may be
extended straightforwardly to VSF-OFDMA systems with two dimensional
spreading, that is, spreading in both the time domain and the frequency

domain. In a two dimensional spreading VSF-OFDMA system, a receiver



The systens and nmet hods according to the present
invention may be particularly useful in the

w@e@doei’don of devices for use, for exanple, iPCHSG2003/000298
VSF- OFCDM system acting as a downlink broadband packet
wirel ess access schene for 4G technol ogy. Various
nodi fications to the enbodi nents of the present
i nvention described above fthy be made. For exanpl e,
ot her nodul es and nethod steps can be added or
substituted for those above. Specifically, the
i nvention may be extended straightforwardly to

erfbodiitdihe yedim i dritionwalifirets desslead IREaAGAIAN the time
that, is, spreading in both the tinme domain and t

he
darazinebripre daeranplication, of i Fashdiesirienal ra@pfpérad(ﬁﬁgT) as has

152 SESRBabEty . CaaRteh, W T S EaP epemeng

tmaq ddmalthwl sfpréa:slmgeadlyt Hﬁwfes frggaencyr donsaihi daprda@iagnmay be
before t application o Fast Fourier Tran rm .
Ao, aTign EPRGahOT &ioh i Batl EBule MrabeRBalTah. s fin 2

&n%ﬁf&ﬁé@'%wf?ﬁ@bmv' sQStert | WRthd O ndﬁﬂéﬁéﬁhaﬂ Sile¥ding.

requency donain d preadlng may be pertorned :
etrefora,pgithal@h the intentidrabas Pean idesciibech sbovenuskgparticular

in a _.convention systemw th two .

Snadofor MERY datRigns 2 aseLye WY ik, sopRe the claims,

ad\WaINbeOdleln o e _kMedCicaber whieys d@ybd’fﬁn@ﬁffdmot%aépmt and

enbodi nents, many variations are possible wth

spoppeofdhe inendPai ns, as will be clear to the skl | | ed

reader, w thout departing fromthe spirit and scope

of the invention. W 2005/062732 PCT/ S&003/000298 12

Cainms 1. Areceiver for use in a variable spreading

factor-orthogonal frequency and code division

mul ti pl exi ng (VSF- OFCDM) system said receiver being



arranged to process a received signal having an
associated chip rate, said receiver conprising: a

WG e@amenre2 ext ensi on renover for renoving a PCT/SG2003/000298
predet erm ned nunber of chips fromat |east one
predeterm ned position of said received signal to
forma nodified signal; a first converter for
converting the nodified sigﬁ§I froma serial sequence
to a parallel sequence; a despreader coupled to said
first converter for receiving said parallel sequence
and for despreading said parallel sequence to derive a
Glabms of synbols; an orthogonal transform bl ock,
coupled to said despreader for transform ng said

nbo oma first domai,n to forma transforme
£ Gna TeeE9 Bedlshanbiiaibie shreali b BROERO dimupncy
drd sotld divislesf efuliglbsinl MVSF-ORGHANY isyateiAl Said receiver being
transformed signal to reduce channel "distortion and
Jrangashtagraess e recajved signal hevingean @sseciatdchekip rate, said

@eg&nggﬁ&Emﬁg equal i zer bl ock to receive said

equa e} and forma deinterl eaved signal; and

a secasdquemseekiensionuehesier dosrimbed at predeasaiindd atknber
sai d dei nterl eaved_ signal froma

for .converting i i . . )
hips 2&%@&&%&@%@@&%@% PQsitippeoT said Tageived signal to
| %ﬁif%ﬁg&ng to claim1, wherein said sequence
extension renovér is arranged to renove a

pr edea dirst metvertebdor aonveiting twe rmodified daigaatdrorhi agserial
a cycli 3. The receiver of claiml or 2,

fix.
gpﬁ%g%rfpréﬁ?lmﬁgpe;t ransform bl ock conprises a
‘Fast EG@&%@adEF 2BEHRUMO A4 first ¥3ng eSS Qﬁ%@é@ivinfg said parallel

PCT/ S&G2003/ 000298 " 13 4. The receiver of any o
sequense atitkfari despieadingrsaid garallel sesjuehee to derive a group of
symbols;

an orthogonal transform block, coupled to said despreader for
transforming said symbols from a first domain to form a transformed signal in
a second domain;

an equalizer block coupled to said transform block for equalizing said
transformed signal to reduce channel distortion and form an equalized signal;

a deinterleaver block coupled to said equalizer block to receive said
equalized signal and form a deinterleaved signal; and

a second converter coupled to said deinterleaver block for converting

said deinterleaved signal from a parallel sequence to a serial sequence.

2. The receiver according to claim 1, wherein said sequence extension
remover is arranged to remove a predetermined number of chips carrying
data denoting a cyclic prefix.

3. The receiver of claim 1 or 2, wherein said orthogonal transform block
comprises a Fast Fourier Transform block.



time domain and said second domain is the frequency
domain. 5. The receiver of any one of clains 1 to 4,
wok@sos2135ai d despreader despreads sai d sequePCESG03000298
synbol rate, said synbol rate being | ess than said
chip rate at which said received signal was spread
prior to being received by said receiver, the ratio
of the chip rate to the synﬁ | rate being the
processing gain of the receiver. 6. A variable
spreadi ng factor-orthogonal frequency and code
division nultiplexing (VSF-OFCDM system conpri sing
%ne cilfhenmaei\rmrom‘ia/ra/rsf clame®ridiond, whewrsiy saitefist donsinds the
ltqg 5. .7. A§@%{hod rocessing a received. signa
thas, ARl andsgi SRencdqTRAn S dae MTrdueney Samein.
- spreading factor-orthogonal frequency and code
division nultiplexing (VSF-OFCDM system conprising
S he skhepsecssiver efrany mpeaochcelaipset rtomadwhemrsaaﬁ dehpmder

iR s ST GoalBice oAbl iRl sAREPUREP! e 3Ry oo ghan

dalee anisli ratee chtSihibAl shido FeceiviRl ls@éneﬂe\‘i}a@nﬂﬁreb@ Brior to being
paral | el sequence; despreading said parallel sequence

regeived ibvesaid geeeipenith @,ympé the chignkate tartihgy symbeh rate being
tﬁé%&%ﬂ ééﬂrbﬁuft %l\?&'k said synbols froma first
AR ran

Fma orired signal in a second
domai n; equalizing said transformed signal to reduce

channel dj stortion and form an equalized signal;
Qiei ntarvas ’%@p%ddma&@@pr-eaaogv afrequeney; ang code division

ﬁmﬁterd SI iy fsﬁé?gmc%\f'ﬁ*ﬁélﬁé’ 8ALdor more _receivers

roma para sequence
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7. A method of processing a received signal having an associated chip
rate in a variable spreading factor-orthogonal frequency and code division
multiplexing (VSF-OFCDM) system comprising the steps of:

removing a predetermined number of chips from at least one
predetermined position of said received signal to form a modified signall;

converting the modified signal from a serial sequence to a parallel
sequence; '

despreading said parallel sequence to derive a group of symbols;

transforming in an orthogonal transform block said symbols from a
first domain to form a transformed signal in a second domain;

equalizing said transformed signal to reduce channel distortion and
form an equalized signal;

deinterleaving said equalized signal to form a deinterleaved signal;
and

converting said deinterleaved signal from a parallel sequence to a
serial sequence.



8. The met hod according to claim7, wherein the step
of renoving said predeterm ned nunber of chips

W@ w0685 renovi ng chi ps carrying data denotPEmS&2003/000298
cyclic prefix. 9. The method of claim7 or 8, wherein
the step of transform ng said signal conprises
appl ying a Fast Fourier Traﬂéforn1to said synbols. 10.
The nmet hod of any of cl ai to 9, wherein the step
of transformng said synbols conprises transformng
said synbols fromthe tinme domain to the frequency
domain. 11. The nethod of any of clainms 7 to 10,

8wher €he méethosit ageooding deialaisr %ewhang‘ndbamteséé regoyingysaid

i nt.er | eave n 12. The net hod. of one .of
pdaterdiineq o lbet e s (hmais BrroyindopdRY; PG data
dERENd aegcktepRifigadi ng said sequence to a synbol rate,

said " synbol rate being I ess than said chip rate at
whi ch sai d received S|gnal was spread prior to being

o THE AT SHERCL 0 OO0, B g e

sigRakbeoBprises applying a Fast Fourler Transform to said symbols.

10. The method of any of claims 7 to 9, wherein the step of transforming
said symbols comprises transforming said symbols from the time domain to
the frequency domain. '

11. The method of any of claims 7 to 10, wherein the step of

deinterleaving comprises forming a deinterleaved signal.

12. The method of any one of claims 7 to 11, wherein the step of
despreading comprises despreading said sequence to a symbol rate, said
symbol rate being less than said chip rate at which said received signal was
spread prior to being received by said receiver, the ratio of the chip rate to
the symbol rate being the processing gain of the receiver.



