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Met hod for transmitting a digital data stream
transmtter, nmethod for receiving a digital data
w@reeamiand recei ver Field of the invention TheCT/SG2005/000266
invention relates to a nethod for transmtting a
digital data stream a transmtter, a nmethod for
receiving a digital data stream and a receiver
Background of the invention In nobile comrunications,
Mekhof forrtrapsmitting andigignlddakar stveamy ctransmitter,
me‘éﬁégff‘ J,eﬁ?;rgi & Gildiieda alkL %g&éginoaﬁgﬁiéé@ﬂ@/ €
to be highly spectral I Ci ent. I'ng nmul'ticarrier
nodul ati on accordi ng to OFDM (orthogonal frequency

Fid' i sLO hmJlti | exi ng) , robust perfornmance and high
~—§%§e@£a£—%#¥5@§gﬁﬁ§lcan be achi eved. Before the OFDM
nmodul ation, a pre-transform can be carried out,
ThEESHYEhBgoh Nrél S £ ald ed REhOEDFbEPE.ahERDEE PR OFDM
_system OFDM can be applied for M MO (nultiple input
digiifei platauspigamsystiamnsmitivero syneshrdséar greceiving
a Bhyraliloaol LEARSHId AN 6BART Ll o sending ant ennas)
and recelver antennas to transmt and receive data. An
-exanple for MMO is the VBLAST (Vertical Bell LAb' s
Batayeoedd SpAicehd i ivejeraricin t ect ure described in [1] .
Wen OFDM i s conbined with the VBLAST architecture,

hi gh,data rate, transm ssi,on can be . .
In mgglge communlcatfgns, igh user capacities and high

data rates are desirable. To achieve this, mobile radio
systems have to be highly spéctral efficient. Using
multicarrier modulation according to OFDM (orthogonal
frequency division multiplexing), robust performance and

high spectral efficiency can be achieved.

Before the OFDM modulation, a pre-transform can be carried
out, resulting in a so-called PT-OFDM (pre-transform OFDM)

system.

OFDM can be applied for MIMO (multiple input multiple
output) systems. A MIMO system uses a plurality of transmit
antennas (i.e. sending antennas) and receiver antennas to
transmit and receive data. An example for MIMO is the
VBLAST (Vertical Bell LAb's Layered Space Time)
architecture described in [1l]. When OFDM is combined with
the VBLAST architecture, high data rate transmission can bé
achieved in frequency selective fading channels. It was
shown in [2] that frequéncy diversity in a PT-OFDM system

can be exploited through simple linear processing.
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achieved in frequency sel ective fading channels. It

was shown in [2] that frequency diversity in a PT-OFDM
WGey®semighn be expl oited through sinple |inearPCT/SG2005/000266

processi ng. When the VBLAST architecture i s comnbined

with OFDM the input data streamis nodul ated and

assigned to different transmt antennas through seri al

to parallel conversion. At each transmt antenna, the
hemt B arBlgei® ianBrid@atire BFoersbIped of i h ZQF R mi titre
inSheEia Merdd) dNdkahRRAA DR Bs 2LA0AI L4 Tl AR RlqCk
ransmtted on transmt antenna I . _ is then
trapemit arsfenmesd tgiomgha sBTigpr tot pansibeh)comtetsioh. At

c ing .tao The pre-transforned sigpal.is nodul ated
ea(g}gcigrﬁ |Snnglt{ 5 Asith§ |ﬁ%3r§£eﬁiggﬁéh??%$oﬁuﬁ%§?%tﬂ%s
xi (6FF)ze rappended etienft &yGh) cipdetaxifEhantkh signal

transmitted via the respective transmt antennas. The
inchamreloak ftnansmyrdesihnons tredenét astemcorielxg eis then
mul ti-path fading channel between each transmt and
Presant aechs ipg 2 PA pprerivoroebmsy stamiis B a
acM M system using OFDM and a pre-transform with N
transmt antennas, Mreceive antennas and K

subcarriers can b e fornulated as 31,1 i,2 SI, NT 0O
| N1 22,1- 2,2 R=2, NO T 0.2 + N2
Xp,i = LZ§ .

The pre-transformed signal is modulated according to OFDM
using inverse Fast Fourier Transform (IFFT), appended with
cyclic prefix (CP) and transmitted via the respective
transmit antennas. The channel of the syétem is modeled as
uncorrelated multi-path fading channel between each

transmit and receive antenna pair.

A PT-MIMO-OFDM system, i.e. a MIMO system using OFDM and a
pre-transform, with N transmit antennas, M receive antennas

and K subcarriers can be formulated as

Hy1 Hy2  Hp,nN [T O - 0fx Nq
S S I & R L P
Hy,1 EBm2 - Hw,n|0 O T |y Ny

where Hj 4 is a K x K 'diagonal matrix corresponding to the

single input single output frequency response of all the
subcarriers between transmit antenna j and receive antenna

i. T is the pre-transform matrix of size K x K and %y is the
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HM1HM2 " HM, NOO- 1 Mwhere H_j i s aKxK
di agonal matrix corresponding t o the single input

W@ Rvghetigdit put frequency response o f all the PCT/SG2005/000266

subcarriers between transmt antenna j and receive

antenna i . T_1i s the pre-3ransformmatrix o f size
KxK and X j i s thedata synbol transmtted a t antenna
j and N i s the AWGN noi se vector at receive antenna

J
data, symlpo} Heransgditied, athenteoshvidandty iis fhe SHWGN
transforned t o frequency domai n using Fast Fourier
NOHFQNETOIRY FHT) 5% 19ac REEEBRVE - antenna. O n the nth
subcarrier, the received signal can b e witten a s
r(m = Hmxt (M + n(m where Hm i s the equivalent
AL MND EPRAIHET ot heuBeaeives Artaxignfirse wrameiomed to

bRy i 4 aiang WIS el STEBLaf ol M8r) Ty spen

ere are’severa ect me
re¢oiveTaiM MIEREDUns rheemeh $upchinetar, dehecteéonived dignal

space and frequency In this approach, spatial domain
caﬁa%%r‘f@r%&% ppression (1S) i s first perforned t o

separate different signals fromdifferent transmt
antennas. ZF-1S (zero forcing IS) i s perfornmed a s

Clm) (A HERA - 2 1i) = x t (M) + Hm 1 m)

where H(m) is the equivalent MIMO channel on subcarrier m,

X7(m) is a vector formed by stacking the mth element of

2T, 4 for i=1, .., M.

There are several existing detection methods for PT-MIMO-

OFDM systems:

1) Linear detection in both space and frequency

In this approach, spatial domain interference suppression
(IS) is first performed to separate different signals from
different transmit antennas. ZF-IS (zero forcing IS) is

performed as

where gum“l indicates generalized inverse of H(m).

The MMSE-IS (minimum mean square error IS) is performed as

ym) = 8% EmElme? + 621 zim)
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where H(nm) indicates generalized inverse o f H(m
The MVBE-1S (m ni mum nean square error |IS) i s

w@eobor4mesl a s y(m) = HH (m [H(mMHH (n)sx + PCT/SG2005/000266
)where sx 2 is the variance of the transmtted signal
and s2n is the variance of 4the noise, | indicates the
identity matrix of size M. On each receive antenna,
after M MO processing, we have an PT- OFDM system The

whe%;%(r: % stial i odid Grdde e thEaE§QhEﬁ1§gt§Ji 9§‘ﬁ%n§ﬁrhrﬂ*? O'IM

inverse transformof y_ -j_
is the %lr)ia]ih:& advahtageisd. thi snm:]mmm the iidentity
sinplicity in processing. However, the problemwth
ma ttrHixs cpisriaacM.i §nt RAEh nES EeEYe SHHEN for gy ¥Rl

prodclevsf%rl%' Ly Qf hsk}% ax Sﬁf%ﬂrﬁaf%}%ﬁ’efx%{é ta%@lsma

nce i s rather” poor Joi nt Maxi nal
stai.’d:l_'sednm(axfd thel x rBeseitten sigralkpee kend domeguéscy | n

. this appro detection is carrjed out across both
m‘f‘?resc?ué:ﬁg‘ﬁl gﬁ&*‘kmafcéh TR Babemm atfe 'of the method is
that the performance is good as both space and

frequency is fully exploited. The conplexity of this

nﬂgg however, is exponential with the product of
—lnu iof transmt antennas and the transformsize. It
is not feasible for practical

The advantage of this approach is its simplicity in
processing. Howeﬁér, the problem with this approach is that
neither space nor frequency diversity of the system is

fully exploited. The performance is rather poor.

2) Joint Maximal Likelihood (ML) Detection over space and
frequency

In this approach, ML.detection is carried out across both
frequency and space. The advantage of the method is that
the performance is good as both space and frequency is
fully exploited. The complexity of this ﬁethod, however, is
exponential with the product of number of transmit antennas
and the transform size. It is not feasible for practical

implementations.

3) Spatial domain interference cancellation

In this approach, linear detection is carried out, first,
to obtain an estimate of the transmitted signal. Then,
parallel interference cancellation and maximal ratio
combining (PIC+MRC) technique is used to exploit the

spatial diversity in the system.
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i mpl ementations . 3 ) Spatial domain interference
cancellation In this approach, |inear detection is

w@a0o6i0ed4dut, first, to obtain an esti mte of PEESG2005/000266

transmtted signal. Then, parallel interference
cancel l ati on and maxi mal ratio conbi ning (Pl C+tMRC)
technique is used to exploit the spatial diversity in
the system From the deci sion output of the |inear
detector, the estimate o f the transforned signal on

o GUSRL ST M SGRL OB 5,00 Al T e

esﬂ%ﬂgﬂgwafjﬁ%estwbhsgbﬁﬁﬁdrﬁﬁénalfbdfﬁuﬁEdnﬂjém n, NERAm) ,
=, i Mh .j (mxT fi(m + hj(m [x t,i(m - xt
caniﬁdﬁobtahhbaj Thej ihtehéerehce darceldredtion theg jxirh i (m)

colum o f Hnm . If it is assuned that the
can riefesrfonoedcascel | ation is perfect, i.e. Mhj(nm [x
T(m) - XTj(m ] =0j=l,j i one has a receive

diversity systemw th N receive antennas Therefore,
MRC can b e pesforned on r (m such that

r3m = mm) - Y hy(miRy,i(m) + nm)
= lj¢1

= hi(mxp,im + Y hylm) [xg,im) — Xy,i(@ ] + o)
j=1,3#1

where Qj(m) denotes the jth column of H(m). If it is

assumed that the interference cancellation is perfect, i.e.

Zh m) [x,3(m) — &,4(m) ] = 0
j=1,j=1i

one has a receive diversity system with N receive antennas.

Therefore, MRC can be performed on ;{Cum such that

The problem with this approach is the error propagation.
Decision errors in the previous iteration of detection
affect the performance in the subsequent steps. For a
system with smaller transform size and higher modulations
(like 160QAM), this error propagation affects the system

performance significantly.
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yi(m) = hl(mr (m) The problemw th this approach is
the error propagation. Decision errors in the previous
wo c@satdian o f detection affect the perfor mancECT/8G2008000266
subsequent steps. For a systemw th smaller transform
si ze and hi gher nodul ationg (like 16QAM , this error
propagation affects the system performance
significantly. An object of the invention is to
An idiCleeas eft haepenfenthor el of t @xirstriqeg et tars petrfiongance

net.hods. The object is solved by a nmethod for
Oft%%%%%ﬁnﬂtFﬁ@nﬁmégg%?%lm g?% Btream a transnitter, a
nmet hod for receiving a digital data stream and a
receiver wwth the features according to.the A
Tha REBRERISAL SOLAPRSDY StrfiRrgo 0t ahd AT R IAnE AR
da%rsﬂfead?rﬁ,mat tiresAiHEek] ok HatiRoStrRamdc Rriay ded,
' 'ereLn_the data streamis mapped to a plurality of
digrohll ataten ssyrbol sndnd Baeki vl dhes iRFduLes

associ ated. wi th [ a multiplicity of
ac%ﬁﬁ§%ﬂ f%ﬁ%ﬁ%TE&éﬁﬁgpﬁgﬁch%iﬁg “subcarriers conprises
at least a first plurality of subcarriers and a second

5 olura!it%:of,subc rriers wherein the subcarriers of
_iEEﬁéiﬂﬁﬂgpﬁﬁL&EXEEE%QBf subcarriers have different
frequency and are sent by a first antenna and the

subcarriers of the second pl i '
A m’&k@caiﬁqrert@@psmli§§g§ﬁc; dri)gg‘EngL | c!lglta?fstsrueba?n?rirsl ers

provided, wherein the data stream is mapped to a plurality

of modulation symbols and each modulation symbol is
associated with a subcarrier of a multiplicity of
subcarriers. The multiplicity of subcarriers comprises at
least a first plurality of subcarriers and a second
plurality of subcarriers wherein the subcarriers of the
first plurality of subcarriers have different frequency and
are sent by a first antenna and the subcarriers of the
second plurality of subcarriers have different frequency
and are sent by a second antenna. The modulation symbols
are transformed such that a multiplicity of transformed
modulation symbols is formed from the modulation symbols
wherein

- at least two modulation symbols associated with sub-

carriers having different frequency are linearly

combined to form a transformed modulation symbol

and

- at least one modulation symbol associated with a

sub-carrier sent by the first antenna and at least one

modulation symbol associated with a sub-carrier sent
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and are sent by a second antenna. The nodul ation
synbol s are transforned such that a multiplicity of

wao e@esiqaadred nodul ation synbols is formed fronmP@i8G2005/000266

nodul ati on synbols wherein - at |east two nodul ation
synbol s associated wth subcarriers having different
frequency are linearly conbined to forma transforned
nodul ati on synbol and - at | east one nodul ati on symnmbo
aspgcicatedevbhl ansenaard dinsentl yogomhénedrse form a

ant enna _and t, one ulatlon synbol associ at ed
wi tHagsEQpmE r??§$f§%HFbj5 Isecond antenna are

lingarly conbined to forma transfornmed nodul ation
synbol and - each transforned nodulaﬁ Qn s nbol.

assoGPale BT ANE OB HBF Y Bl o TESe P lan St 6 ﬁ@ﬁla{gd

mody @ tlogu gﬁgkefs used to nodul ate the subcarrier
assocl at e th the transforned nodul ati on synbol
EadFurtlria@l'Sfoamedade\ll@’exOH sSymidlod  sededei WoAglate the

i t.al data_st | 9ohhe
sul ﬁ&ﬁ fSPSPFanéggt 1 hg é@% { $H atgpégpggﬁF °
syn@igsicri bed above are prOV|ded Short description of the

figures
Further, a transmitter, a method for receiving a digital
data stream and a receiver according to the method for
transmitting a digital data stream described above are

provided.

Short description of the figures

Figure 1 shows a transmitter according to an embodiment of

the invention.

Figure 2 shows a 2-D pre-transform unit according to an

embodiment of the invention.

Figure 3 shows a 2-D pre-transform unit according to an

embodiment of the invention.

Figure 4 shows a transmitter according to an embodiment of

the invention.

Figure 5 shows a transmitter according to an embodiment of

the invention.
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Figure 1 shows a transmtter according to an

enbodi nent of the invention. Figure 2 shows a 2-D
wee@epramsf orm unit according to an enbodi nent POF/SG1065/000266

invention. Figure 3 shows a 2-D pre-transform unit

according to an enbodi nent gof the invention. Figure 4

shows a transmtter according to an embodi ment of the

invention. Figure 5 shows a transmitter according to
Figureebestioment bfanbelireentibrRatiqadiads tohans egbodiment
transm tter 6Q0 _a rding to an enbodi nent of the
i nvent i n.hﬁeﬁgyﬁéggagécription IllTustratively, a
2-domain (2D) pre-transformation is carried out that
combi nes nodul ati on synbol s of different subcarriers

1 Hantenna (this corresponds to a

pre-transformation in the frequency domain) as well as
modul ation synbols of different antennas (this .
Ilbortmedgordy t 6 4-preairand? bk 1o AHE 0% 14
caf¥¥EH'Eht‘&h%tp%%ﬁgﬁp%grmog@ﬁyéfgﬂ‘%&ﬁ%ﬂﬂ%ﬂdi different

corresponding to different data streams (to be
sulbdsansirans ednds byg tief fenengntenennad)ic AP e spoREiSnER 2

in thi 0 thi .
Pre SRR F T CHA A" ERVRAY CONHT A6t St th

mod €5REn tsympdIer o&r Hif€thens. antennas (this corresponds

De

to a pre-transformation in the spatial domain). In
particular, modulation symbols corresponding to different
data streams (to be transmitted using different antennas)

can be combined in this way.

In this way, performance of the transmission of the data

stream can be increased with respect to prior art methods.

The invention can for example be used in communication
systems according to WLAN 11n, WIMA* (Worldwide
Interoperability for Microwave Access), B3G (beyond 3G),
ADSL (asynchronous digital subscriber line). It can be used
in combination with OFDM (orthogonal frequency division
multiplexing), SC-FDE (single carrier with frequency domain
equalization) and OFDMA (orthogonal frequency division

multiple access).

The methods according to the invention can be carried out
by a computer that is provided the necessary instructions

e.g. in form of a computer program.
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The invention can for exanple be used in conmunication
systens according to WLAN Hn, W MAX (Worl dwi de
wo paoeoopes abi ity for Mcrowave Access) , B3G POByGIUS/000266
3G , ADSL (asynchronous digital subscriber line) . It
can be used in conbinationowi th OFDM (orthogona
frequency division nmultiplexing) , SC FDE (single
carrier with frequency donain equalization) and OFDVA
Emddﬂ%fumpsnaﬁ theqﬂemegtﬂéwisrtﬂerﬁﬁqm.mh@ depesspnt The
met hods . accordin {9 the i i.0N n [ t
L% SORPULBFPERIENTE BrOVISRY TRt o ig, e eet 8
thé'ﬁﬁﬂﬂd&|ﬂ@&StQagsmiﬂtiﬂgnaOdlgutxﬂnnﬁuy'stream are also
program Enbodi ments of the inventjion arise fron1t e

valfe¢hdiferriec FEAREM ERBBdi MRt RS TFEEHNBE i n

di df\?alcQi%tt%xfst%ahhanEEH@dré@éwélansm tting a digital
ata streamare also valid for the transmtter, the

met hod for receiving a digital data stream and the

receiyv ne i I
on 568 o SERELLFRL b Ly S gl s
at NnDshd@atdmen bdykrikol s is for exanple transformed to a
bl ock of transformed nodul ati on synbols according to
the nultiplication by a transformmatri x. The
2 B1Sostor MIMmiais ohS synBodBeienbeti aedtipldintitargforfieel to

transforned nodul ati on synbols are for exa ed
2 BUrCORDMATERERGH BPCRNATLancariPerS scording ¥ the

multiplication by a transform matrix. The transform matrix

is, in one embodiment, unitary.

The transformed modulation symbols are for example used for

OFDM modulation of the subcarriers.

A forward error correction coding can be carried out on the
data stream before it is mapped to the modulation symbols.
The data stream can be interleaved before it is mapped to
the modulation symbols. The data stream can also be
scrambled before it is mapped to the modulation symbols. An

STBC (space time block code) encoding can be carried out.

Fig.l shows a transmitter 100 according to an embodiment of

the invention.

The.transmitter 100 is formed according to a SxS SM
(spatial multiplexing) PT-FEC-coded (pre—transform forward
error correction coded) OFDM (orthogonal frequency
multiplexing) system. The data 101 to be transmitted
(source bits) are at first de;multiplexed by a S/P
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A forward error correction coding can be carried out
on the data streambefore it is mapped to the
wore@aloatisdn synbols. The data stream can be i NPEFr/B@zM&M00266
before it is mapped to the nodul ati on synbols. The
data stream can al so be scrgnbl ed before it is mapped
to the nodul ati on synbols. An STBC (space tine bl ock
code) encoding can be carried out. Fig.l shows a
(sérambipataEr 1100 wdcond2ngnto aroepboadl hehtstofedntse of
da{'égventi on. The transmtter 100 is fornmed according to
SxS SM (spatial nultiplexing) PT-FEC coded
(pre-transformforward error correction coded) OFDM
(orthogonal frequency multiplexing) system The data
Injeihed ‘Eféb‘?‘?lé‘i%"\gﬁst't éée( géﬁﬁc’éobp?s;r%?%mla?t?q rist mapped

in€s-HHE | PlaxeddypadaPhBiSSE-abfparal 1 el) unit 102 into
two parallel stréeanms of data. In other enbodi nents,

the data to be transmtted is nmapped into nore than

I . h.of e, i.nfor jon hits in.
mal i PR TR, pEREN 4R rhBCul PRI QN ikl 1
prdO8s sed by FECanlwar dO8r aad dteor FECt  bopwant cdetby a

FEC unit 104. Thjs is done in p ll1el for the two
COFERaE ST bATREoh Yt Hal EonENEF AROAT « &1 160 Loifbrifses
patyD1 STIasbl @i 3 dard bweckRE, UBhés dR4: dite two

(scranbl ed and FEC-encoded) parallel data streans
transmitter 100 comprises two scramblers 103 and two FEC

units 104.

The two (scrambled and FEC-encoded) parallel data streams
are then processed by a 2-D Bit interleaving and mapping

unit 105.

The 2-D Bit interleaving and mapping unit 105 performs
interleaving in each parallel stream and performs

interleaving across both parallel streams.

In this embodiment, the interleaving in each parallel
stream is a two-step permutation. The first permutation
ensures that adjacent coded bits are mapped onto
nonadjacent subcarriers. The second permutation ensures
that adjacent coded bits are mapped alternately onto less
and more significant bits of the constellation and,
thereby, long runs of low réliability bits (LSB) are

avoided.

The interleaving across both parallel streams is for

example carried out according to the following.
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are then processed by a 2-D Bit interleaving and
mappi ng unit 105. The 2-D Bit interleaving and mappi ng

w@riob/010%3 perforns interl eaving in each paral | BCT/SG2008N00266

and perforns interleaving across both parall el
streans. In this enbodi nent;, the interleaving in each
parallel streamis a two-step pernutation. The first
pernut ati on ensures that adjacent coded bits are
mapped onto nonadj acent subcarriers. The second

[ h ' ded hi
Lo tralsnod SEPEFRaEOry OIS | S TS IS R PPEantOB (8t
the?faaltﬁg,gﬂl%qn%%%gl @E%ggﬁgngﬂoé@e&%y'tﬂeorﬁ%ﬂalirl%logtkfgéﬂns

1Tty brts are avol ded. The interleaving
areaciubsld viiatell partal Hetassymetamss i and drlankamgife degeri ed

ut. accardi the follow ng. Let =9 .t he
S r of dggﬁttgﬁﬁbgﬁsg??\o%%e efor%:l'kn%g * tq%qu%?ltgﬁlltél
ta streans .(.Nn that,the parallel streanms are
antgeﬁbnadllls\/i &Zldr{‘?lﬁtgo%%gteaﬁﬁnbol s and bl ocks of data
synbols) . Let further N denote the nunber of transmt
antennas, in this case N=2 . Tj_(k) where ...

. J .., Ns
Ti donother a e lvappPad 28¢nkol - bef-or NS tes, 1ty @3PPRE
at parallel stream,i at a. synmbol__k d .
SYRipRly PGS Sy“&’ﬁ aﬁ&tﬁl—:?,ei‘,’”}. U efﬁeo ess%[%er%g{) t
datsyplbol k, and
Sp(n) where i=1, ..,Np and k=1,2, .., Ng denotes the symbol

after symbol interleaving at stream m, data symbol n.

The symbol interleaver defines the mapping operation from

T; (k) to Sp(n) where the (stream, symbol) index pair after

interleaving (m,n) is generated according to

m=|(k-1/®Ng/Np)|+1

1+ (Np(k — 1) + (1 — 1)) mod Ng.

o
i

A receiver corresponding to the transmitter 100 comprises a
de—-interleaver that removes the interleaving across the two
parallel streams and accordingly carries out the inverse

mapping operation from Sp(n) to Tj (k) that is given by

i=1+({n — 1) mod Np

K = (m—1Ng /Np +[(n—=1)/Np]+1.

This interleaver is chosen when convolutional code is

chosen for FEC. When LDPC (low-density parity check) is
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after synbol interleaving at streamm, data synbol n
The synbol interleaver defines the mapping operation

WO @0 {143 k) to Sm (n) where the (stream synbRCY/SGIId®R00266

pair after interleaving (mn) is generated according

ton=1+ (Nt (k-1) -1 (i - 1) )mdN3. A

recei ver corresponding to the transmtter 100

conprises a de-interleaver that renoves the
sednﬁemléavwagdaernss ¢dmeraatol grar dlhleelingerégpgeandiifers

r carrles out the inverse mapping operation
frth%ﬁFSﬁP? ?lY% “that is given by i =1 + (n - 1

) mod Nt Kk :_(nt- I)hB INT + | (n - 1) /hWJ+ 1. This
interl eaver i s chosen mheq}co vol.uti gnal i

Afterod@feréraEErd. ViRk® 4TiC w“aaFP méﬁect%?

unlstusi%@ fabsf Qﬁ@’aﬁth%&Et&ﬂ{é&Cﬂﬂ Glhe tike cirlkakkaaver
ffers rontthe one given above . After |nterIeaV|ng
e

panaié.ezr BtBeempneREP AT S WP WapiuRd Rt 105 FEpSeT
QEQ9t%'§§%£% gng F géHS %@gﬁrleaved paral |l el streans
ol's; such't

at two streans of data
synbol s are generated. The two streans of data synbols

are s liedt -D f
Th ISR PReO b | BATRGL 4 11 r Biudish 10 & g0 BrE-
trdidborh SHAWS 1862- IhpER-18 amémmamutn 206 i@ﬂdlodnmg to

an enbodi nent of the i nventi on.
with reference to fig.

Fig.2 shows a 2-D pre-transform unit 200 according to an

embodiment of the invention.

The 2-D pre-transform unit 106 receives two streams of data
symbols as input. Each stream of data symbol is converted
into a block of data symbols. Let s denote one block of
data symbois (data symbol vector) of one data symbol
stream, let it for example be the data symbol stream
corresponding to the “upper” input in Fig.2 and let sz
denote the one block of data symbols (data symbol vector)
of the other data symbol stream, i.e. the data symbol

stream corresponding to the “lower”'input in Fig.2.
Each of the data symbol vectors comprises in this

embodiment 96 components. (equal to the number of

subcarriers used for the data transmission), such that

51 = [s1(1), 512, .., 5196 IF



The 2-D pre-transformunit 106 receives two streans of
data synbols as input. Each stream of data synbol is
w@emser4iesl i nto a bl ock of data synbols . Let B{T/SG2005/000266
denote one bl ock of data synbols (data synbol vector)
of one data synbol streami3det it for exanple be the
data synbol stream corresponding to the "upper" input
in Fig. 2 and let s _2 denote the one block of data
sy S ta sy ctor) of the other data synbol
22 st r;bégirh’ %Zc@’ 't'Hé@gQGF);\YEynbol stream corresponding to
the "lower” input in Fig. 2 . Each of the data synbol
vectors conprises in this enbodi nent 96 conponents
wheregmaltheo sgfd) nah® ero? L &t FRe s Susé8%f 82 EREMdat a
transm ssi oné \ sub%h t at181 =[s1(l),s1(2),...,s1
coruggpprngo to pre PHM %32‘{&2(3 © . . . , s2(96) r wherein
5 the s-j (j) are conplex nunbers. s i and 2 each
correspond to one OFDM synbol. and S2 are .ch supplied
s1 tamda spegyecereb FPPRILIRGI €9 B i XIRSSGT G 1362 b v

which s \, and s a I[tiplied Wwith,a mtri
L e e OB GBS 208 0P Y1 HE T G e  HHeFOpRbe
i %ea exacrmlxe transformi s the Wl sh- Hadanmar d
with h & orm g'f?f ‘according t o a Wil sh-Hadamard
transform (according t o this exanple of order 96) can

be generated fromthe order-8 Hadamard matrix
10 T¢ can be chosen according to different transforms. One

example transform is the Walsh-Hadamard transform. (Tf

according to a Walsh-Hadamard transform (according to this
example of order 96) can be generated from the order-8

Hadamard matrix

15
11 1 1 1 1 17
1 -1 1 -1 1 -1 1 =1
11 -1-1 1 1 -1-1
7 |1 -1 -1 1 1 -1 -1 1
Is =45 11 1 1 1 -1 -1-1-1
‘ 1 -1 1 -1 -1 1 -1 1
1 1 -1 -1 -1 -1 1
1 -1 -1 1 -1 1 - 1]

and order-12 Hadamard matrix



10

15

and order-12 Hadamard matri

-11-1111-1-1-1
waeei41431 - 1111 - 1 1

1-1-11-1111- -
1T7T12 J- X1 - 1 -
-11-1-11-12212111-1-1-11-1
111111-1-1-11-1-11-11-1
3 11- 111 -11 -11 111 11- 111 111 -11 -171 -1 ]
} lepeﬁfoLni ng, t he; Kropeckey prpduct as T- 1
be chosen according to 1 where F is the EFT
& zelNs andla = kxpl(-j1p /12N\e)! Each Bllockt
yqpbohks, nul tiplied byithe matri x1T_& is-thenl
supplied {o a respectiye P[S unit 203.where i} is 4 _

mapped to g St Feam of }d/at_a{syﬁbol_sf TF‘]e sgrea'jﬁs of1 1.

dat agymboll|s geheratedli n—this Wwaylare both fed tola — 1
Ilgefog—g;n?ﬂlﬁ

1

1
[
(RS
1
a [
W

1
1
PAT/SGH

0

x1
1
1 000266
1

N
N
N =
N
N
==

1

=

L4 11-1-1-11111-

'R

iplycation yni§ 204, The second; 1 1 1
mul trprication unit 204 perforns a_nulti plication vvitp
a matrix Tls ductr Lhatlartbgether, lthelo-b —1 1

pre-transfier muni ty 1061gengerates two-vegctots g_ - Andl

y-2 1 1 1 1 -1 -1 -1 1 -1 -1 1 -1
1 -1 1 1 1 -1 -1 -1 1 -1 -1 1
1 1 -1 1 1 1 -1 -1 -1 1 -1 -1

by performing the Kronecker product as

Ir = Ig ® I12

T¢ can also be chosen according to

0 0
a 0
0 0 a? 0
If = EXx
00 o0 als—1]

where F is the FFT

Each block of- data

then supplied to a

mapped to a stream

matrix of size Ng and a = exp(-jn/ 2Ng).

symbols, multiplied by the matrix Tf is

respective P/S unit 203 where it is

of data symbols. The streams of data



accordingtoY =1 =T 12 b2 _ where the 2-D
transformmatrix T can be witten as and J? is the n N
WO 269141450 N pernutation matrix, with its el enkCt/SG2005/000266
having the follow ng values: The transformmatrix T_s
is a square matri x when thesnunber of streans at the
output is the sane as that at the input (as it is the
case in this exanple) .Wen there are nore streans at
syhibel © ueuer atfean inhahiat wakiear@poutth tfethsforamseaonidx T
3]s, a rectangyl ar trix having nore rows than
mu R At AT r?lggger is the sane as the out put
stream nunber, and the columm nunber is the same as
the input stream nunber. The_columms shall b e
Ther$¢raist ML CiDMERTEO8 PBLRoEOGeReF SREF 3 om t he
WL BGGE a in ake £1044 oy e it the
> mu%?ﬁ‘ﬁ‘iaf%aﬂ%% Vﬁ%gl alh\i\aﬁgrag %stS%ﬁIE nunber ﬂgg% o
2-BUBERL Bl Rl vEBM1S¥eherStesi swei tdetoms squamel yo
unitary matrix or a rectangular matrix with
acootdiompriml col umms, and f can take different val ues
for the different subcarriers. T_s can also b e
generated fromthe channel know edge. 1

=) 1a)

where the 2-D transform matrix T can be written as

10

Te0 0 0 O
T = 0 I-Srl 0 0 If 0 K

0 0 -T-s,N—l

15 and P is the npN - by - npN permutation matrix, with its

elements having the following values:

1, when j = [;Lw + (1 mod ng) x N
. 7
0, otherwise

P

Bj,§ = i,9 = 01, -, npN — 1.

20 The transform matrix Tg is a square matrix when the number

of streams at the output is the same as that at the input

(as it is the case in this example).
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The multiplication o f by the transformation matrix T
2 effects a pre-transformation in the spatial donmain
wa@eaehha43 r equency domain (therefore denoted bRCEREG2005/000266

pretransformation) . The- nultiplication b y the
matrices Tf and T_s that iggperformed b y the 2-D
Pre-transformunit 200 can also take place in
different order, a s it is showmnin Fig. 3 .Fig. 3
WhahaMera 2rP poeet sansémws nmunite 300 pacc ahdinnghes ah the

._enbodi nent. of the inventjon. The functionality of the
inglty GiEDSEaRES BRRFUR| 19360 § £ FATIGRL Ao Eg 1F Bavifg

nod dNEHIOMBLL! Xo@hnh e £rD PLE-JANST ANl 2200 8hews
|n:?|g. , bu Thé input 1s first processed by the
outs®co st raaimt hphbeat | endubhée SOluramchuntpent vis ddiea same as

streans generated. by the second nul.ti.pli.cati [
theyginbite SEAFEE "HBPRG - rrglb‘f)e‘ao FUF i by e Orrgglﬁégﬁn\a}%'
S/ P unit 302) processed by the respective first
whél£1 pid Gald Qeddddt 30 Froi tregetdiehnellh&ndwledge, it can
pre??ransforn1unit 106 generates two vectors y . and
také thaiddnoatiagmapprdtt o correspondi ng synbol streans
by a respective P/S unit 304, wherein where the 2-D
transformmatrix T can be witten as Wiere j? is an n
N - by - n N per ion iX, Wth its elenents
havi Hg| yt #eéi@g(ﬂom&vafuggfp&fﬁfﬁ k=012, N-1

\ A

Dy

where N is the number of subcarriers per OFDM symbol, S is

either a square unitary matrix or a rectangular matrix with
orthonormal columns, and @k can take different values for

the different subcarriers.

T can also be generated from the channel knowledge.

s
The multiplication of [‘1

] by the transformation matrix T
S2

effects a pre-transformation in the spatial domain and the
frequency domain (therefore denoted by 2D pre-

transformation).

The multiplication by the matrices Tg and Tg that is

performed by the 2-D Pre-transform unit 200 can also take

place in different order, as it is shown in Fig.3.
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f =0" nTN- 1. As above, T_s can al so be generated
fromthe channel know edge or independent of the
w@eb@aneliaknow edge. When the nunber of streansP@DSGE05/000266
transnmitted is the sane as the nunber of antennas, T_s
IS a square unitary matrixi7Wien there are nore
transmt antennas than the nunber of data streans, it
is a rectangular matrix with orthonormal colums . The
FicplB mitowsf at BeD2pEePreansbogh ormiturdd0 B@Goridiag §9nbol
str.ea carresponding.to the vectors v _ and y_2, are
e“@ﬁ“%&e&% 5SeCﬁWﬂgﬁﬁ?ati on by a respectiveyC]:DM
unit 107, wherein inverse Fast Fourier Transform
(1 FFT) and cyclic prefix (CP) insertion is pt%rfor.mad.
ThonFURTAAIALIY BRDBATNETP LS SHOWS §3F T g1t 300E1g 4

si @ WhaN$ihELehn400r pceprehdp 4m e -arrbediraent ual t
the invention. The functionality of the S/P unit 401
200 henawor dimb|féigs 240Rutt Fee FEPWR| 1S Y03 taRF Q96 S2ADPE; £he

nterl ; : ; :
se b SEEr I AT EOHR AL BISHE nd Oths Pedd AT c28ahac
geflesciddbad; aheveenbht meleiphteatbod igpit 3N emet rlagter

to th di ment  described_with. ref AN
be e TRBIAMGRURICRS1 P4 Ear T PERC DTS b3/ § N CROdAUn 1

processed by the respective first multiplication unit 303.

Altogether, the 2-D pre-transform unit 106 generates two

vectors yj and yp, which are mapped to corresponding symbol

streams by a respective P/S unit 304, wherein

AR

where the 2-D transform matrix T can be written as

Tso0 0 O 0
T T¢ O 0 Tgq O 0
=0 TI¢ 0o 0 0
0 0 0 Tgy-1]
Ts
Where P is an npN - by - npN permutation matrix, with its

elements having the following values:
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406 in between of the processing by the respective
firstmultiplication unit 405 (that perforns
woredobiopdisxati on by T and the processi ng by thePGESGIHS/000266
mul tiplication unit 407 (that perfornms nultiplication
by T_s ) In this case, the gpatial domain transform
(corresponding to ?s ) can be the sane for each data
synbol in one OFDM bl ock. Note that no unified 2-D
trangsformmatri X i} can be worked out as there is a
. OFDM hrodiieax ﬁoﬁT 71;v‘ve(énlff’*P%eN)f’I’* &quency dopmin , tyansfor m
=Lrfcor tespondi ng tgf e)1I‘A?:.Lsaend the spatial donain
transtorm 1In thel?o ow ng, an enbodi nent is
expl ai ned wherein the 2D-transformtakes place before
the data streans are separated for transfer by
As diidwar,erits artrelas. bPi gensraheshstzom rigis mhanee 1500
according to an enbodi nent of the i{wenti on, Th

f d
knagyghedas (¥ tinslepenceed PEobReeChRRRGL AP HdSss &e%;%ge

' Be@Ngs ac il tsdntt &/d edveer
nu@géfér% %%%%’SS%% Eggggtgiﬁgmggt% 5051 to bse transmtted

nunioen of raserarofasnodyl asi ansayabel snitary Hiat Edenpibent o
nodul ati on synbol s suitable for nodul ati nqg the c
thekd @i MGk (TTARSHitt 88 tBY R0 ARt eI UG A8

st Ay £ DM yrodul atiQr anfiie agt hean of wimd uba¢H sxibsaIbol s
is fed to a 2-D Pre-transformunit 506. The stream of
cohwat$ at i on synbols are first mapped into

The output of the 2-D Pre-transform unit 106, i.e. symbol
streams corresponding to the vectors yj and yp, are each
used for OFDM modulation by a respective OFDM unit 107,

wherein inverse Fast Fourier Transform (IFFT) and cyclic

prefix (CP) insertion is performed.
An alternative embodiment is shown in fig.4.

Fig.4 shows a transmitter 400 according to an embodiment of

the invention.

The functionality of the S/P unit 401, the scramblers 402,
the FEC units 403 and the 2-D Bit interleaving and mapping
unit 404 is the same as the one of the corresponding units

of the embodiment described above with reference to fig.l.

In contrast to the embodiment described with reference to
fig.1l, the OFDM modulation is carried out by the OFDM units

406 in between of the processing by the respective first
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bl ocks of nodul ation synbols by a S/P unit 507. Each
bl ock of nodul ation synbols is processed by a first
woriosiopdiexat i on unit 508 that perforns a mul tipCT/68620080M00266
of each bl ock of nodul ation synbols by a matrix Tf. T
f is aunitary matrix and can b e chosen as descri bed
above. The bl ocks of nodul ati on synbols processed b vy
the first multiplication unit 508 are processed b % a
mu P B i at 1509 varid 40§ed@hatmerfwms;awdhlnﬂrﬂqatap@ Y

e b, AR on BHovs BhRor sty mne e P e A b ppi e

usrrng t eno 1 ons, or exarrp

409 V&{btb Per¥dims f1kip19citZon. b T )1. Al t oget her,
simlar to above, the processing o 7 the 2-D

Pre-transformunit 506 corresponds a matrix T_ mhich
can in this exanple Iso

{1
TR VeAedny She RRatia dogetholrRnfidEs |eqiisiy
toaT%L.caﬂrbé'HH% AR fb@eeacQ & 88 SE@ipd et | oael OFDMS

Dg = diag(aS| , a Sf2, , aSfN.i) ,
bléck. lméie that no unified 2-D transform matrix T can be

worked out as there is a OFDM modulation between the

frequency domain transform (corresponding to Tfg) and the

spatial domain transform.

In the following, an embodiment is explained wherein the
2D-transform takes place before the data streams are

separated for transfer by different antennas.

Fig.5 shows a transmitter 500 according to an embodiment of

the invention.

The data 501 to be transmitted (source bits) are processed
by a scrambler 502, an FEC unit 503 and a Bit interleaver
504. A mapper 505 maps the data 501 to be transmitted to a
stream of modulation symbols, in this example to modulation
symbols suitable for modulating the subcarriers transmitted
by two antennas according to an OFDM modulation. The stream
of modulation symbols is fed to a 2-D Pre—transform unit

506.

The stream of modulation symbols are first mapped into
blocks of modulation symbols by a S/P unit 507. Each block
of modulation symbols is processed by a first

multiplication unit 508 that performs a multiplication of



32 fThe output of the 2-D Pre-transformunit 506 is a
vector of dinension 2N (conpare the di nension of the
wOoraiosi0x4193 ) . The output vector is separated | PEDSGA05/000266
bl ocks of di nmension N and each block is fed to a
respective OFDM unit 511. Bgtween the 2-D
Pre-transformunit 506 and the OFDM unit 511, there is
in one enbodi nent a STBC unit such that the output of
cathebPodk Ry ntadaisftdom symbobB6by sa STBG icoderk Faf dise ai t
Is used for OFDM nodul ation. Alternati vel STBC
unghedyli PREY ¢ Fecf GeRedSarhes curpi ATT MR ?%rﬁb%iﬁ-e t hat
this enbodinent is for exanple used when the channe
conditions deteriorate and STBC is used to inprove the
Thei ghatks i ok mpsailiathionOslypbohe proeansed liatthe sfirst

ssed. and n arate_is ined .t
5 ol PREREFE i, S a2 cBreRelRe by Ll LS b M9 Rna
a EB@bﬁdEmﬁﬂﬁﬂﬁlﬁﬁaﬁmmmaﬁnlthe1ar@hhtbcperﬂommmld be a
2x2 STBC PT-FEC-OFDM | n _one enbodi nent,

mud £ ARSHFRELRD Pis aa%FElGSfBC (”BFSBp\AP%?&n%T% above

OFDM ar.ge hi t ect ur. h case, four antennas
deRBEFEi%%sbrﬁild%de?% 1% Sgédbgo transnit two

paral l el streans, mhereln each Streamis transmtted
according_to 2x2 STBC PT- FEC-OFDM Therefore, the data

10 rate at%aln | ?e Sgfre. as t he 2x2 SM PT- FEC- OFDM
Is(s e @ﬁ@ke d'nbﬁ ddscribed with reference to fig.l,
but transmit diversity is achieved. A transmtter
according to this

Altogether, similar to above, the processing of the 2-D
Pre-transform unit 506 corresponds a matrix T which can in
this example be written as

15

T L) »
T=|" , D = diagd, eJ®1, ..., eIPN-1)
- DTf

Tg can also be given by

o
20 IS k = 1,k k = 011,2, oy N - 1
! @2,k

with angles oj . In this case, the 2-D transform matrix T

is given by

D1Ir . _
25+ [ Dzlf]' Dg = diaglagi, ag, vy O N-1) s S = 1,2
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enbodi nent woul d have the structure of the transmtter
shown in fig.l but each of the OFDM units 107 woul d be
w@owphed4ii th a STBC unit such that from the oRPCPSG2005/000266
each OFDM unit 107, two data streans are generat ed.
The resulting four data styeans are then transferred
simul taneously. An alternative to the transmtter 100
shown in Fig.l is shown in Fig. 6 . Fig. 6 shows a
Thé r@pit tef tH20 2a0C erdi-ngahof anm ewhiidi FEMtisofa teetor of

nvent t t to the, t 100 -
aineRsion L (Freats BhE CORERTLUN b BIT Gtk 30" dne"

oufmpPP ek dibPardlslegla rattegamstbet wb o6 R i RimensGon N
encoding and bit interleaving. Instead, the data is

angreres dekPdy i6nEpcohe ack8RBFEF1B®10F BhaiFEC Uit 602
and one 2-D bit interleaver 603. The output of the 2-D
bit interleaver 603 is separated into two paralle

Besweeanthaf2-dattre-wrack fara sath aﬁ@p@mt@wﬂb@mm

51f¥a O(%fﬁ tJé a7 83 ete%t o%lm Eer ?%c 1§1!1 ciﬁ Ocl'}ah:e the

par a reans
outp@nsd orires mcm@—rtqm@fara- Gnitabsé otsn $BBG o’b@d

re-transformunit 605 and h.t |
beBoFeath ors diSs S TUCERY BOIGEBM RBauRbL PRI b Sy TTEC

enb88PRST] ¥ & HMNMEY 2 f8Q6. 0ABRIOKEHATaE QoRNeNSIBatHaihis
a receiver is used, wherein an
embodiment is for example used when the channel conditions

deteriorate and STBC is used to improve the signal link
quality. Only one stream of data is processed and no data
rate is gained through the MIMO structure in this case.
Since in this embodiment, there are two antennas, the

architecture would be a 2x2 STBC PT-FEC-OFDM.

In ohe embodiment, the transmitter has a 4x2 GSTBC (group-
wise STBC) PT-FEC-OFDM architecture. In this case, four
antennas would be provided that are used to transmit two
parallel streams, wherein each stream is transmitted
according to 2x2 STBC PT-FEC-OFDM. Therefore, the data rate
attained is the same as the 2x2 SM PT-FEC-OFDM (see the
embodiment described with reference to fig.l, but transmit
diversity is achieved. A transmitter according to this
embodiment would have the structure of the transmitter
shown in fig.l but each of the OFDM units 107 would be
coupled with a STBC unit such that from the output of each
OFDM unit 107, two data streams are generated. The
resulting four data streams are then transferred

simultaneously.
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iterative subcarrier reconstruction is perfornmed
before the PIC+MRC (parallel interference cancellation

w@nweieMidral rati o conbining) process. The rat PON&G:2005/000266
behind this is that iterative reconstruction provides
the PIC+MRC nodule wth a gaich better estimate of the
transmtted signal and hence the interference
estimate. Therefore, the error propagation of the

An R1GEVRGtmeuke ¢as beassmhiférxcantd whoouded Fagdlhéace,
better errar performance is produced. If conplexity

shaygy it £19%-%e out put of the. PIC+MRC nmodule can b e fed
backto the iterative subcarrier reconstruction nodul e
to inmrove the reconstruction as well. The iteration

Fighe iRt e $&2DRB1EBEE| 880 PR SRR Bvich Petpbpdiment of

I NGE- Two di fferent schenes can be used: Schene
théiirfv%&ﬁa”i er Reconstruction + PIC + MRC 1 ) Perform

linear ZF-1S (zero forcing interference suppression)

or E-1S (nini num nea u d or. | nd.er f.er c
In SRR o) T O RORLheh TV AR il & aam s 02t
to &Y founA | (satdev®isyhcasr het masoedttaiqid ol fedr sprreams
subcarriers and g1iterations on_ each subcarrier 3 )
bekfRe (31 BRGNS of EChENEEBLARr PBY Ak oHRTT U ‘o

InPedOr e GEMRC if0hrbekbgeat bpnsndy ) oerd fany e e ,
PT on the output from Pl C+MRC. Denopdul ate the signa
oneafEQaysit 1642 amgt pae. 2-D bit interleaver 603.

The output of the 2-D bit interleaver 603 is separated into
two parallel streams of data, which are each mapped to

modulation symbols by a respective mapper 604.

Similar to the transmitter 100, the parallel streams of
data are transformed according to a 2-D transform by a 2-D
pre-transform unit 605 and each transformed parallel stream
of data is used for OFDM modulation by a respective OFDM
unit 606.

According to one embodiment, a receiver 1s used, wherein an
iterative subcarrier reconstruction is performed before the
PIC+MRC (parallel interference cancellation and maximal
ratio combining) process. The rational behind this is that
iterative reconstruction provides the PIC+MRC module with a
much better estimate of the transmitted signal and hence
the interference estimate. Therefore, the error propagation
of the PIC+MRC module can be significantly reduced and
hence, better error performance is produced. If complexity

permits, the output of the PIC+MRC module can be fed back
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Schene 2 : lterative Subcarrier Reconstruction + PIC +
MRC 1 ) Performlinear ZF-1S or MVBE-1S and i nverse PT

W@ 0oebt14aidh the estimate of the transmtted si grel/SQ2005/000266

For each transmt data stream performiterative
subcarrier reconstruction,2asing the estimte of the
transmtted signal fromthe previous step. 3 ) Using
the output of the subcarrier reconstruction to perform
to Rh@+MR€rhonve ptiecatibes, repenst icdE o opukepéat IBFepe

and 4 until the it ti e e
h, AR0ETS Y CPRIBPOESPTSthe Tl pUL T o PEErRe . chos8chio
modﬂﬂ@@d@k@ﬁ&c&beesegnhétp@sspéqunﬂqmﬂe.It shoul d be
noted that in the enbodi nents described in connection
with the figures 1 to 6 , the functional blocks 103

de“Hif@@%eh% Eifdmeslcan202 wdeddi gure 2, 303 in figure
2, 403 and 405 in figure 4 and 604 in figure 6
|n the respective data streans may have the sane or

Schgen]:e gr. e%hb'cgglrﬁg?ngét:tagftrﬁ@tf&? abone 4 tl\'fﬁ fol | owi ng
1)

ocunent’s are Foschi ni , D .
Gedderm RineAr. ZVallénZueta, ffalﬂderJ mNerﬂmqeme@nsku

Suéé% %£§§ ggﬁh&ﬁ& ikogméﬁ%?oyln iug¥ﬁ&#f£f8 eney

intdFtcendeEEoppeesBabnpn Sel ect ed Areas of

Conmuni cati ons, vol. 17, No. 11, . 1-1 52 Nov.
2) 1%y eqF) ?H%&ﬁ&&Fn&at€|St¥%ﬁmMMPe ﬁﬁﬂﬁi © Sunei

suﬁ%ﬁkrf@ﬂ“%econstructlon for p subcarrlers and g
iterations on each subcarrier

3) Use the output of the subcarrier‘reconstruction to
perform PIC+MRC for r iterations

4) Perform inverse PT on the output from PIC+MRC.

Demodulate the signal and pass it to output.

Scheme 2: Iterative Subcarrier Reconstruction + PIC + MRC
1) Perform linear ZF-IS or MMSE-IS and inverse PT to obtain
the estimate of the transmitted signal

2) For each transmit data stream, perform iterative
subcarrier reconstruction, using the estimate of the
transmitted signal from the previous step.

3) Using the output of the subcarrier reconstruction to
perform PIC+MRC for r iterations, go to step 3

4) Repeat Step 3 and 4 until the iteration number exceeds
the chosen value

5) Inverse PT the output form PIC+MRC. Demodulate the

signal pass to output.



He, and Yuang Li, "lterative detection for
WAl sh- Hadamard transfornmed OFDM', | EEE Vehi cul ar
wdewmbnoliay)y Conference Spring, 2003, pp. 637- GEOI/SG2005/000266
vol.l, Apr. 2003Clainms 1 . A nethod for transmtting a
digital data stream wherepm - the data streamis
mapped to a plurality of nodulation symbols - each
nodul ati on synbol is associated with a subcarrier of a
It nehduld ik tpteld shbtarni ehe embodiments pldsguipesf in
subca_rrler es. at Least a S r t
CoOuRH AT ha%gp a fi‘g thI g(?a Py t{/ﬁ%f%usu%%ao?lr%le?%%-cm
10%%@31%:4?nm ffrlsgfuﬁrfe tlhezt)rzr $1(:jl ﬁigmnaé|2yb3ﬁ3 siub cirguiver Sy
ave different frequency and . are, sent drst
402nt Ehhand 4 sllﬁlb@grgfllrgrﬁ gRd¢ ﬁ@‘l ?130‘3/ aljﬂ Nl
reSHYOCAIFd Qfastaha_;\t%e@knfsf ﬁ%gnhafréeﬂﬂgnéia/m@ﬂﬂr aiﬁf Sefdndy a
second antenna - the nodul ati on synbols are
imptemsitoatiea.such that a nultiplicity of transforned
nodul ation synbols is fornmed fromthe nodul ati on
synbol s wherein - at |east two nodul ati on synbol s
associated with subcarriers having different frequency
are linearly conbined to forma transformed nodul ati on
synbol and - at |east one nodul ati on synbol associ at ed
wth a



sub-carrier sent by the first antenna and at | east one
nmodul ati on synbol associated with a sub-carrier sent
whyoosletisecond antenna are |inearly conbined tRCT/BSGINS000266
transfornmed nodul ati on synbol and - each transforned
nmodul ati on synbol is associxated with a subcarrier. -
each transforned nodul ati on synbol is used to nodul ate
t he subcarrier associated with the transforned
Inmadul abooa, symdofol bwingtdredmneacsr dregctioedtai m 1
wherei n the nodul ati on synbols are grouped into at
| east one block. 3 . Method according to claim2 ,
[1wherefn gobtrLki ofc moslulatlicem,srIbal.svesehtassh prared p.
to a block of transfornmed nodul ati on synbols according
W.t JogRéandkii pl $HERi bt as) Rracessdrer dembiphk. spectral
ef¥REROH -9CHPEL 0G5 t@oﬁmi@aﬁtign%%qg@ihaemhieﬂséPélﬁ%nt
matrix s unitary. 5 . Method according’to any one of
artrhgst| alBBE 1J0wrdal awheiliartiade Aneass odr feumnnpioh bt ooy
y | s..are.used f - dy at i f the
Vo ugngrygfs}HB Pphgi%égqg%ggrﬁoﬁd ?§9§ﬁy one of the
clains 1 to 5, wherein a forward error correction

coding i.s carrjed out_on the data stream before it_js
[2&aéagggg6nghgehbd%§%uWQﬂ]Chln Keong Ho, Sumei Sun, Ping

He, and Yuang Li, “Iterative detection for Walsh-Hadamard
transformed OFDM”, IEEE Vehicular Technology Conference
Spring, 2003, pp. 637-640, vol.l, Apr. 2003
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synmbols . 7 . Method according to any one of the

claims 1 to 6 , wherein the data streamis interl eaved
whedoonetlss i s mapped to the nodul ati on synbol SPCBSG2005/000266
Met hod according to any one of the clains 1 to 1
wherein the data streamis gcranbl ed before it is
mapped to the nodul ati on synbols.9 . Method accordi ng
to any one of the clains 1 to 8 , wherein an
space-tine bl ock code encoding is carried out. 10.
Transmitter for transmtting a digital data stream

rising - a mapping unit adapted to map the data

streamto a plurality of nodul ation synbols - an
associ ation unit adapted to associate each nodul ation .
l.s¢nperhoflt fon crpresrititeingr gdigtalpPréat ytepam, wherein
- $HBCaLEL Chere el Slfhppd @ LI LELLY 8 AUBGRLLI &L

conprises at lTeast a first plurality of subcarriers
syabdla second plurality of subcarriers - the

subcarri,ers_of the first plural.i of .subcarriers_have
- PP ePRntL R Feomengy Sha ihs el By 1P T §: SHRFERRAEY ©f
a Whetspheaityess ofbdéderisacond plurality of subcarriers

have different frequency and are sent b a
- the multiplicity of subcarriers comprises at least a

Cl

first plurality of subcarriers and a second plurality of
subcarriers
— the subcarriers of the first plurality of subcarriers
have different frequency and are sent by a first antenna
- the subcarriers of the second plurality of subcarriers
have different fregquency and are sent by a second antenna
- the modulation symbols are transformed such that a
multiplicity of transformed modulation symbols is formed
from the modulation symbols wherein
-~ at least two modulation symbols associated with sub-
carriers having different frequency are linearly
combined to form a transformed modulation symbol
and ‘
- at least one modulation symbol associated with a
sub-carrier sent by the first antenna and at least one
modulation symbol associated with a sub-carrier sent
by the second antenna are linearly combined to form a
transformed modulation symbol
and .
- each transformed modulation symbol is associated

with a subcarrier.
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second antenna - a transformng unit adapted to
transform the nodul ati on synbols such that a
wordosiopdiexi ty of transforned nodul ati on synbol BCT/SG2005/000266
formed fromthe nodul ati on synbols wherein - at | east
two nodul ati on synbols assggi ated with sub carriers
having different frequency are linearly conbined to
forma transforned nodul ati on synbol and - at | east
- enehnodahat b Bite & Yididh 1 ASISOC isgindd IWi shuaedube casdu Bite

sent_by the first antepng and_ at | east. one nodyl ati on
thgy AUBFL BELTE | aTSte I 19h 4 b thdr FreRsLartenyRpRaLet fon

syageend antenna are linearly conbined to forma
transfornmed nodul ati on synbol and- each transforned
nodul ati on synbol is associated with a subcarrier - a

2.”&%‘&118&! 88cHPY n?d‘?&téﬂa%@ 1US@ne2ehnt £ARSHOEMR At ion

nodul ati on synbo or nodul ating the subcarrier

syabsbei atedgwpted hinto atsfleastd omedbllatkeon synbol . 11
A nmethod for receiving a digital data stream wherein
- amultiplicity of subcarriers conprising a first

3.pMaeBbit ¥cobraihgats i €rSinaryg aheeedndapbubaki by of
subcarriers is_received, wherein the_ first Iurali%géped

mogiilatiherr pYRPSLF s1F ARV EPTPEA O AsPloRkeRhatHRATS

modi®898¥on symbols according to the multiplication by a

transform matrix.

4, Method according to claim 3, wherein the transform

matrix is unitary.

5. Method according to any one of the claims 1 to 4,
wherein the transformed modulation symbols are used for

OFDM modulation of the subcarriers.

6. Method according to any one of the claims 1 to 5,
wherein a forward error correction coding is carried out on

the data stream before it is mapped to the modulation

symbols.

7. Method according to any one of the claims 1 to 6,
wherein the data stream is interleaved before it is mapped

to the modulation symbols.

8. Method according to any one of the claims 1 to 7,
wherein the data stream is scrambled before it is mapped to

the modulation symbols.
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plurality of subcarriers is received by a second
antenna - the multiplicity of subcarriers is
walesospdubnt ed to generate a nultiplicity of treCEs6I00E000266
nodul ati on synbol s, wherein each transforned
nodul ati on synbol is assochgted with the subcarrier it
is de-nodul ated from- an inverse transformation is
carried out on the multiplicity of transforned
9. Madthaed | e syddrad std anfyomeaofukheptisiny bfto 8,

nodul ati on synbol s erein - at |east two transforne
W RRUP 4t TP LB SH05 BORA WPPROSBEATE | S EE 1y -
di fferent frequency are linearly conbined to forma
nmodul ati on synbol and - at |east one transforned
L0ppdupRsbrt el bl Hededidtdadnet Atdisab- dardi Sr
hyrtbe Lirst antenna and at |east one transforned
COn%a . , .
ulatTon synbol associated with a sub-carrier sent
- byméapeisgconit adaptred droe mapn&ael gateanbtnegnteofarm a

modul atiop s |, - the ?ata streamis generated from
plPﬁgfﬁﬁyt? |T%§$§%%ﬁOQN§ u 5950n synbol s. 12. A receiver
- barasecelxthen aurtligiddalptdat acstseamiatenpatlsi modulation

receiving unit ad%%:ed to receive._a ltiplicity of

syEhBtartterd SRWISiTy o A t&p&}g&%yyo fsubcdrriers,
whewbearriers and

- the multiplicity of subcarriers comprises at least a
first plurality of subcarriers and a second plurality
of subcarriers
- the subcarriers of the first plurality of
subcarriers have different frequency and are sent by a
first antenna
- the subcarriers of the second plurality of
subcarriers have different frequency and are sent by a
second antenna
- a transforming unit adapted to transform the modulation
symbols such that a multiplicity of transformed modulation
symbols is formed from the modulation symbols wherein
- at least two modulation symbols associated with sub-
carriers having different fféquency are linearly
combined to form a transformed modulation symbol
and .
- at least one modulation symbol associated with a
sub-carrier sent by the first antenna and at least one
modulation symbol associated with a sub-carrier sent
by the second antenna are linearly combined to form a
transformed modulation symbol

and
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a second plurality of subcarriers, wherein the first
plurality of subcarriers is received by a first

wa@piennd4mand the second plurality of subcarri ePGI/B6&2005/000266

received by a second antenna - a de-nodul ation unit
adapted to de-nodul ate theomultiplicity of subcarriers
to generate a multiplicity of transfornmed nodul ati on
synbol s, wherein each transforned nodul ati on synbol is
assecéatrdt wah Hif d e whearEtdon syinbodei sodsbat eacdd om
- a transformation unit adapted to carry out an

i nvELER Br 3RRFJFFERT on on the nultiplicity of

- br AB8hos Al MREit ald ity P S et @ak@r MranBEbih®di City
of nodul ati on synbols wherein - at |east two

mogpdasior ndmpeH UF o iR shARIGSs thes sePsREE1RFt Associated
. aub ri | ' far, ncy are linearly
nggn%?%esgégsfggﬁggIﬂ%{dﬁg§$%ﬁ1%gﬁﬁﬁ%' and - at | east
one transfornmed nodul ati on synbol associated with a

- [ by. the fi .
R N LN

- subucaipl eeisendf byubder SienenN¢tcapirasiagane flirsear |y
conbined to forma, nodul ation s

nbol
. plurality of subcarriers and a seé%nd plurality of

subcarriers is received, wherein the first plurality of
subcarriers is received by a first antenna and the second
plurality of subcarriers is received by a second antenna
- the multiplicity of subcarriers is de-modulated to
generate a multiplicity of transformed modulation symbols,
wherein each transformed modulation symbol is associated
with the subcarrier it is de-modulated from
- an inverse transformation is carried out on the
multiplicity of transformed modulation symbols to form a
multiplicity of modulation symbols wherein
- at least two transformed modulation symbols
associated with subcarriers having different frequency
are linearly combined to form a modulation symbol
and
- at least one transformed modulation symbol
assoclated with a sub-carrier sent by the first
antenna and at least one transformed modulation symbol
associated with a sub-carrier sent by the second
antenna are linearly combined to form a modulation
symbol
- the data stream is generated from the multiplicity of

modulation symbols.



10

15

20

25

30

- a generation unit adapted to generate the data
streamfromthe nmultiplicity of nodul ati on synbol s.

WO 2006/014143 PCT/SG2005/000266

30

12. A receiver for receiving a digital data stream,
comprising
- a receiving unit adapted to receive a multiplicity of
subcarriers comprising a first plurality of subcarriers and
a second plurality of subcarriers, wherein the first
plurality of subcarriers is received by a first antenna and
the second plurality of subcarriers is received by a second
antenna
- a de-modulation unit adapted to de-modulate the
multiplicity of subcarriers to generate a multiplicity of
transformed modulation symbols, wherein each transformed
modulation symbol is associated with the subcarrier it is
de-modulated from
- a transformation unit adapted to carry out an inverse
transformation on the multiplicity of transformed
modulation symbols to form a multiplicity of modulation
symbols wherein
- at least two transformed modulation symbols
associlated with subcarriers having different frequency
are linearly combined to form a modulation symbol
and
- at least one transformed modulation symbol
associated with a sub-carrier sent by the first
antenna and at least one transformed modulation symbol
associated with a sub-carrier sent by the second
antenna are linearly combined to form a modulation
symbol
- a generation unit adapted to generate the data stream

from the multiplicity of modulation symbols.



