
US007489748B2 

(12) United States Patent 
Bouvet et a]. 

US 7,489,748 B2 
Feb. 10, 2009 

(10) Patent N0.: 
(45) Date of Patent: 

(54) METHOD FOR THE RECEPTION OF A 
SIGNAL THAT HAS UNDERGONE A LINEAR 
PRECODING AND A CHANNEL CODING, 
CORRESPONDING RECEPTION DEVICE 
AND COMPUTER PROGRAM PRODUCT 

(75) Inventors: Pierre-Jean Bouvet, Rennes (FR); 
Maryline Helard, Rennes (FR); Vincent 
Le Nir, Flers (FR) 

(73) 

(*) 

Assignee: France Telecom, Paris (FR) 

Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 594 days. 

(21) Appl. N0.: 11/143,151 

(22) Filed: Jun. 2, 2005 

(65) Prior Publication Data 

US 2005/0281357 A1 Dec. 22, 2005 

(30) 
Jun. 

Foreign Application Priority Data 

4, 2004 (EP) ................................ .. 04364041 

(51) Int. Cl. 
H04L 1/00 
H04L 25/08 
H04B 1/10 (2006.01) 
H03D 1/06 (2006.01) 
US. Cl. ..................................... .. 375/346; 375/267 

Field of Classi?cation Search ....... .. 375/130*131, 

375/140*144, 1474149, 260, 267, 316, 3404341, 
375/346i347, 324 

See application ?le for complete search history. 

(2006.01) 
(2006.01) 

(52) 
(58) 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2007/0242179 A1* 10/2007 Song et al. .................. .. 349/43 

2008/0013638 A1* 1/2008 Walton et al. ............. .. 375/260 

FOREIGN PATENT DOCUMENTS 

EP 1335518 A1 8/2003 

OTHER PUBLICATIONS 

M. Debbah, P. Loubaton & M. de Courville, “The Spectral Ef?ciency 
of Linear Precoders”, 2003 IEEE Information Theory Workshop, 
Mar. 31, 2003 to Apr. 4, 2003, pp. 90-93. 

(Continued) 
Primary ExamineriChieh M. Fan 
Assistant ExamineriFreshteh N Aghdam 
(74) Attorney, Agent, or F irmiWestman, Champlin & Kelly, 
P.A. 

(57) ABSTRACT 

A method for the reception of a data signal Which, before 
being sent, has undergone a linear precoding by means of a 
unitary preceding matrix, and a channel coding, comprises at 
least one iteration to improve an estimation of the received 
signal, as a function of the received signal and of a preceding 
estimation of the received signal. This iteration comprises the 
following steps: the estimation of the interference due espe 
cially to the linear precoding and affecting the received sig 
nal, as a function of the preceding estimation, so as to obtain 
an estimated interference; the subtraction of the estimated 
interference from the preliminarily ?ltered and de-precoded 
received signal, so as to obtain an improved signal; the equal 
iZation of the improved signal, delivering an equalized signal; 
the estimation of the received signal, delivering an estimation 

6,865,237 B1* 3/2005 Boariu et a1. ............. .. 375/295 _ _ 

2005/0041751 A1 2/2005 Nir et a1. .................. .. 375/267 ofthe recelvedslgnal' 

2007/0165696 A1* 7/2007 Agrawal ................... .. 375/136 

2007/0223411 A1 * 9/2007 Rooyen et a1. ............ .. 370/310 14 Claims, 7 Drawing Sheets 

§(p-1) INTERFERENCE 
CREATION 

73 
A 

‘V d (p) 
ADAPTED DE- f EQUALIZ 

r_> = V = _>E TIMATI N 
FILTER PRECODING + \ ATION S C_> 

' A 

/ / / / S (p) 
71 72 74 75 76 



US 7,489,748 B2 
Page 2 

OTHER PUBLICATIONS 

Y. Xin, X. Liu and G. B. Giannakis, “High-Rate Layered Space-Time 
Transmissions based on Constellation-Rotation,” 2002 IEEE Wire 
less Comm. and Networking Conference, vol. 1, Mar. 17, 2002, pp. 
471-476. 
J. Boutros and E. Viterbo, “Signal Space Diversity: A PoWer- and 
BandWidth-Ef?cient Diversity Technique for the Rayleigh Fading 
Channel,” IEEE Trans. Comm. vol. 44, No. 4, Jul. 1998, pp. 1453 
1467. 
A. Stamoulis, Z. Liu and G. Biannakis, “Space-Time Block-Coded 
OFDMA With Linear Precoding for Multirate Services,” IEEE 

Transacation on Signal Processing, vol. 50, No. 1, Jan. 2002. pp. 
119-129. 

J. Boutros, N. Gresset and L. Brunel, “Turbo Coding and Decoding 
for Multiple Antenna Channels,” Internat’l Symposium on Turbo 
Codes and Related Topics, Sep. 2003, pp. 1-7. 
Z. Wang, S. Zhou and G. Giannakis, “Joint Coding-Precoding With 
Low-Complexity Turbo-Decoding,” IEEE Transaction of Wireless 
Communications, vol. XXX, No. XXX, Month 2003, pp. 1-11, Mar. 
2003. 

* cited by examiner 



US. Patent Feb. 10, 2009 Sheet 1 of7 US 7,489,748 B2 

A 

D LINEAR J LML 1 D 
‘ —> 

MAPPIN : PRECODING DEPRECODING ' (MAPPING) 

11 j 12) . 
Flg. 1 

(PRIOR ART) 

PA E l 
D LINEAR $1M; / 
—>MAPPING > > 

PRECODING CODING J 

21 22 j 

-1 /\ 
SPACE/ LINEAR _1 D 
TIME > > —> MAPPING 

CODING jEPREcoDING ( ) 
_ 23 

Flg. 2 
(PRIOR ART) 

SPACE/ l 
d cHANNEI INTER- > TIME 

> > MAPPER 
CODER LEAVER I : LINEAR j 

j j J PRECODING / 

31 32 33 j 
34 

/\ 

L ML d (P) 
SPACE/ _ DE- CHANNEL —> 

L TIME ' INTERLEAVER DECODER 

pEMAPPER 
A 

36 
35 INTER 

LEAvER 

Fig. 3 
(PRIOR ART) 



US. Patent 

(21 
—> 

41 

Feb. 10, 2009 Sheet 2 0f 7 US 7,489,748 B2 

CHANNEL INTER- LINEAR | 
—> —> MAPPER —> 

CODING LEAVER ERECoDINc 

) 42 
A 
d (p) 

ML 
| DE- CHANNEL —> 

DEMAPPER/ —> —> 
INTERLEAVER DECODER 

DEPRECODER 

431' T_ INTER 
LEAVER 

Fig. 4 
(PRIOR ART) 

51 

a 
‘ , 3(1) 

—> |te1 Am 
8 52 

/l\ 
, /_,d(2> 

|te2 
—> /\ S(2) 

—> @(P) 

Fig. 5 



US. Patent Feb. 10, 2009 Sheet 3 of7 US 7,489,748 B2 

51 

i """""""" "Q """""""" 3(1) 

: GLOBAL 5(1) —'—>. 
r—;—>EQUALIz- —>EsTIMATIcN . A 

: /ATION / —E>S(1) 
61 - 

62 H9. 6A 

51 

i ----------- "16‘) """" """"""" "- gm 

r - I CHANNEL 5 ; DE- i>EsTIMATIcNl 
; ESTIMATION PRECODING —§—>g(1) 

63 ' 64 62 Flg. 65 

Mp4) INTERFERENCE 
S CREATION 

73 

"- gm) 
ADAPTED DE- EQUALIZ- —> 

r _>FILI|TER_> PRECODING +I é ATION _>ESTIMATICN_> 

/ / / / 71 72 74 75 76 
Fig. 7 



US. Patent Feb. 10, 2009 Sheet 4 of7 US 7,489,748 B2 

821 823 

h11 (i) = / 
\ s1 ‘h’ew rm I 

51 S2 Mux ‘(w k“ : Demux_> 

s2 “22 (i) r20) 
824/ 

822 

Fig. 8B 

834 

\ 831 
i m (i) 

\ \ 
SPACE- . 

Si TIME M 
CODING 4\\ 833 r (I) 

832 



US. Patent Feb. 10, 2009 Sheet 5 of7 US 7,489,748 B2 

847 
841 

842 
\\ h77 - 845 

SPACE 
S S 
S1’S2’ TIME Demux—> 
3’ 4 CODING 

846 

843 844 

Fig. 8D 





US. Patent Feb. 10, 2009 Sheet 7 of7 US 7,489,748 B2 

d1 INTER CHANNEI : 

CODING LEAYER 

) 102) 103) FHT j 
: MAPPER —> 

101 

d—N>cHANNEI ~ INTER_ ~MAPPER > 

comma LEAVER 101 102 103 104 Flg 10A 

, “(1) 
CHANNEL DECTION 'sunm ‘ EsTIMATIOq d" 

r ’ EQUALIZ- : OF USER ' OF USER A 

ATION I n I n _>Sn(1) 

63 106 ‘I07 Fig-10B 

§gp_1)—>INTERFERENCE 
M 4) I CREATION 
Snp I FOR USERS 

I OTHER THAN 
3W1) n 
N I . 

73 

_ aw) n 

r ADAPTED‘DETECTION ‘AR ‘ EQUALIZ_ ‘ESTIMATION—> 
_>FIILTER ' OF USIER n +'\ ' ATION 'FOR USER n—> 

/ / / / n 
71 105 74 75 108 

Fig. 100 



US 7,489,748 B2 
1 

METHOD FOR THE RECEPTION OF A 
SIGNAL THAT HAS UNDERGONE A LINEAR 
PRECODING AND A CHANNEL CODING, 
CORRESPONDING RECEPTION DEVICE 
AND COMPUTER PROGRAM PRODUCT 

FIELD OF THE INVENTION 

The ?eld of the invention is that of digital communications 
systems. More speci?cally, the invention relates to the recep 
tion of signals, received by means of one or more transmis 
sion channels. 
More speci?cally again, the invention relates to an iterative 

technique for the reception of a signal that has undergone, at 
the time of sending, a channel coding operation and a linear 
precoding operation. 

The invention relates especially to digital Wire communi 
cations systems (such as the ADSL, or “asymmetric digital 
subscriber line”) as Well as Wireless communications systems 
having one or more sending and/ or receiver antennas. 

The invention has especially a reception technique adapted 
to multicarrier systems such as the OFDM (Orthogonal Fre 
quency Division Multiplexing) or the MC-CDMA (Multi 
Carrier Code Division Multiplex Access) systems and as Well 
as single-carrier systems that has undergone linear precoding. 

BACKGROUND OF THE INVENTION 

There exist different types of receivers for such systems 
having undergone linear precoding in sending mode. 

Thus, J. J. Boutros and E. Viterbo (“Signal space diversity, 
a poWer and bandWidth-e?icient diversity technique for the 
Rayleigh fading channel”, IEEE Trans. Commun., vol. 44, no. 
4, pp. 1453-1467, July 1998) propose a signal space diversity 
technique, illustrated in FIG. 1, also called linear precoding 
11, and demonstrates the fact that multidimensional rotation 
sending constellations augment this diversity Without 
increasing the bandWidth of the signal. For Rayleigh type 
fading channels, this augmentation of diversity is expressed 
by an improvement of performance at reception. HoWever, 
such a system necessitates the implementation of a maximum 
likelihood (ML) type receiver 12. 
One drawback of these maximum likelihood type receivers 

is the complexity of their implementation. Indeed, the com 
plexity of the algorithms increases exponentially as a function 
of the number of antennas and the number of states of the 
modulation. 

A. Stamoulis, Z. Liu and G. B. Giannakis, in “Space-time 
block-coded OFDMA With linear precoding for multirate 
services” (IEEE Trans. Signal Processing, vol. 50, no. 1, pp. 
119-129, January 2002), andV. Le Nir, M. Hélard and R. Le 
Gouable, in “Technique de précodage et de codage espace 
temps” (Space-time precoding and encoding technique), 
patent application number FR 02 16200, ?led on 16 Dec. 
2002 on behalf of the present applicant) propose the associa 
tion of the linear precoding With space-time block codes With 
a vieW to MIMO (“Multiple Input Multiple Output”) type 
transmission. 

In particular, as illustrated in FIG. 2, V. Le Nir et al. propose 
the use of precoding matrices 21 Which, combined With 
orthogonal space-time codes 22 before sending, alloW linear 
decoding 23 in reception, simplifying the implementation of 
the receiver. 
One draWback of these prior art techniques is that they are 

not optimal in the presence of channel coding, oWing to a 
vestigial interference after “de-precoding”. Indeed, Whatever 
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2 
may be the decoding algorithm used (Whether of the maxi 
mum likelihood or linear type), this vestigial interference is 
not eliminated. 

The term “de-precoding” here and throughout the rest of 
the document is understood to mean an operation that is 
substantially the reverse of the precoding operation per 
formed at the time of sending. 

Very recently, iterative techniques for the reception of a 
linearly pre-coded signal have appeared. The techniques 
improve performance at reception, When a channel coding is 
implemented in sending mode. 

Thus, J. J. Boutros, N. Bresset and L. Brunel (“Turbo 
coding and decoding for multiple antenna channels”, Inter 
national Symposium on Turbo Codes and Related topics, 
Brest, France, September 2003) have introduced a system, 
presented in FIG. 3, implementing linear precoding associ 
ated With space-time bit-interleaved coded modulation (ST 
BICM) in a MIMO transmission. The system consists of the 
concatenation of a channel coder 31, an interleaver 32, a 
converter of binary elements into symbols 33 (also called a 
mapper), enabling the demultiplexing of the symbols on the 
different sending or transmit antennas and as Well as the 
precoder 34 acting both in the time domain and the space 
domain. 
At reception, the system implements a space-time demap 

per 35 using an ML type algorithm, analyZing especially the 
LLR (“log likelihood ratios”) on each coded bit. A demapper 
of this kind implements an operation that is substantially the 
reverse of that of the mapper. These likelihood ratios are 
improved through a SOVA (soft output V1terbi algorithm) 
type of channel decoder 36 and sent again to the demapper 35. 
Tgis process is reiterated in order to improve the decoded data 
('1 . 

Z. Wang, S. Zhou and G. B. Giannakis in “Joint coding 
precoding With loW complexity turbo-decoding” (IEEE 
transactions on wireless communications, Vol. 3, No. 3, May 
2004) have also presented an iterative receiver for a system 
that combines channel coding 41 and linear precoding 42 in 
sending or transmit mode as illustrated in FIG. 4. The receiver 
is based on an exchange of extrinsic information betWeen a 
de-precoder associated With a maximum likelihood type of 
demapper 43 and a channel decoder 44. 

These tWo iterative systems enable the joint performance 
of the de-precoding and the channel decoding Within an itera 
tive loop so as to approach optimum performance. 

HoWever, one draWback of these prior art iterative tech 
niques is their complexity of implementation, oWing to the 
use of a maximum likelihood type of algorithm at reception. 
Indeed, the complexity of such algorithms is exponentially 
proportional to the order of the modulation and the siZe of the 
precoding (or of the precoding matrices). 

Other techniques for the reception of a signal having under 
gone a channel coding and a linear precoding before being 
sent are also knoWn. 

HoWever, these techniques generally do not enable the 
interference due to the precoding, and as Well as the interfer 
ence due to channel coding or again to space-time coding to 
be eliminated, or at least reduced, With acceptable complex 
ity. 

SUMMARY OF THE INVENTION 

The goal of an embodiment of the invention especially is to 
overcome these draWbacks of the prior art. 
More speci?cally, it is a goal of an embodiment of the 

invention to provide a technique for the reception of a signal 
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in a system comprising at least one channel coding and one 
linear precoding in sending mode. 

It is another goal of an embodiment of the invention to 
propose the technique of this kind that is e?icient and simple 
to implement. 

In particular, it is a goal of an embodiment of the invention 
to provide a technique of linear complexity, thus enabling the 
use of large-siZed precoding matrices. 

It is yet another goal of an embodiment of the invention to 
propose a technique enabling the elimination, or at least the 
reduction, of the vestigial interference after de-precoding. 

It is yet another goal of an embodiment of the invention to 
provide a technique of this kind that enables the joint perfor 
mance of de-precoding, equaliZation and channel decoding 
Within a same iterative loop. 

These goals, and as Well as others that shall appear here 
beloW, are attained by means of a method for the reception of 
a data signal Which, before being sent, has undergone a linear 
precoding by means of a unitary precoding matrix, and a 
channel coding. 

According to an embodiment of the invention, such a 
method comprises at least one iteration to improve an estima 
tion of the received signal as a function of the received signal 
and of a preceding estimation of the received signal. The 
iteration of improvement comprises the folloWing steps: 

the estimation of the interference, due especially to the 
linear precoding and affecting the received signal, as a 
function of the preceding estimation so as to obtain an 

estimated interference; 
the subtraction of said estimated interference from the 

preliminarily ?ltered and de-precoded received signal, 
so as to obtain an improved signal; 

the equaliZation of said improved signal, delivering an 
equaliZed signal; 

the estimation of the received signal, delivering an estima 
tion of the received signal. 

Thus, an embodiment of the invention is based on a Wholly 
novel and inventive approach to the reception of a signal in a 
system comprising a channel-coding step and a linear precod 
ing step in sending mode, in a context of transmission With 
one or more inputs in sending mode and one or more outputs 
in reception mode. Indeed, the invention can be applied to 
Wire communications (Whatever the medium of transmission, 
for example metal or optical carriers) and as Well as to Wire 
less communications. 

It shall be recalled that here and throughout the rest of the 
document, the term “de-precoding” refers to an operation that 
is the reverse of the precoding operation performed in sending 
mode. 

Indeed, the use of linear precoding in sending mode pro 
vides for improved performance in reception, since it gives 
gain in diversity. HoWever, this precoding introduces inter 
ference that has to be eliminated at reception. 
An embodiment of the invention thus proposes the recon 

struction, at reception, of this interference during a step for 
estimation of the interference, and then the subtraction of this 
interference from the received signal to obtain an improved 
signal. 

This step of interference estimation is done iteratively in 
taking account of a preceding estimation. 

The improved signal is then equaliZed and estimated. This 
estimation of the signal than serves for the next iteration of 
improvement. 

The receiver thus used is simpler to implement, since it 
does not use any maximum likelihood type of algorithm. It 
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4 
thus enables the use, in sending mode, of larger-siZed precod 
ing matrices, so as to obtain improved transmission perfor 
mance at reception. 

Thus, the proposed technique enables the joint perfor 
mance, While preserving a receiver With linear complexity, of 
an equaliZation and de-precoding step and a channel-decod 
ing step in the case of a MIMO transmission, and/or a space 
time decoding and de-precoding step and a channel-decoding 
step, in the case of the implementation of space-time codes. 

Advantageously, the interference estimation step imple 
ments a multiplication of said preceding estimation by an 
interference matrix taking account especially of a matrix that 
is the conjugate transpose of a matrix representing the trans 
mission channel of said received signal and a matrix that is the 
conjugate transpose of said precoding matrix. 
The matrix representing the transmission channel, also 

called a channel equivalent matrix, may take account espe 
cially of the space and/or time multiplexing implemented at 
sending. This matrix is diagonal in the case of a SISO system, 
and full in the case of a MIMO system. 

This matrix may also be a block diagonal matrix. 
In a MIMO type system, it takes account especially of 

inter-symbol interference due to the different paths in the 
propagation channel. 

Preferably, the ?ltering of the received signal is imple 
mented by multiplication of said received signal by a ?ltering 
matrix that is the conjugate transpose of a matrix representing 
especially the transmission channel. 

According to an advantageous embodiment, the preceding 
estimation is delivered by the preceding iteration for all the 
iterations except the ?rst one, and by a step of preliminary 
estimation for the ?rst iteration. 
The ?rst iteration does not necessitate knoWledge of a 

preceding estimation in order to be implemented. It involves 
an initialiZation step. 

In particular, according to a ?rst alternative embodiment, 
this ?rst iteration implements a preliminary estimation step 
comprising the folloWing steps: 

global equaliZation by multiplication of said received sig 
nal by a diagonaliZed global equaliZation matrix, repre 
senting the transmission channel of said received signal 
and said precoding matrix; 

estimation of said received signal delivering an estimation 
of the received signal. 

According to a second alternative embodiment, the ?rst 
iteration implements a step of preliminary estimation com 
prising the folloWing steps: 

channel equaliZation by multiplication of said received 
signal by a matrix that is the conjugate transpose of a 
matrix representing the transmission channel of said 
received signal, delivering an equaliZed signal; 

de-precoding, by multiplication of said equaliZed signal by 
a matrix that is the conjugate transpose of said precoding 
matrix; 

estimation of said received signal, delivering an estimation 
of the received signal. 

Advantageously, at least one of said steps of estimation of 
the received signal delivers, ?rstly, a binary estimation of said 
received signal and, secondly, a Weighted estimation of said 
received signal (or soft estimation), said Weighted estimation 
being used for the folloWing iteration if it exists. 

In particular, said steps of estimation comprise at least 
some of the folloWing operations: 

mapping; 
de-interleaving; 
channel decoding; 
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re-interleaving; 
soft mapping. 
The term “mapping” is understood here to mean the con 

version of binary elements into complex symbols. 
According to one advantageous embodiment, the received 

signal is sent by and/or received on at least tWo antennas. 
An embodiment of the invention can thus be applied to 

MIMO systems. 
In particular, the received signal may have undergone a 

space-time coding before being sent, and the method may 
implement a channel decoding by means of a full matrix. 

Preferably, for at least one iteration, the method imple 
ments a channel estimation taking account of at least one of 
the preceding estimations. 

Thus, the estimation of the signal received at each iteration 
enables especially the estimation of the propagation channel. 
An embodiment of the invention can also be applied advan 

tageously to MC-CDMA type of multi-user systems. 
In such a system, the interference-estimation step necessi 

tates knoWledge of the preceding estimation of each of the 
users. Again, the preceding estimation of each of the users is 
given by the preceding iteration. 
An embodiment of the invention also relates to a reception 

device implementing the above-described method. 
According to an embodiment of the invention, such a 

device comprises means to improve an estimation of the 
received signal, as a function of said received signal and a 
preceding estimation of said received signal, implementing 
the folloWing at least once, in the form of an iteration: 

means for the estimation of the interference, due especially 
to said linear precoding and affecting said received sig 
nal, as a function of the preceding estimation so as to 
obtain an estimated interference; 

means for the subtraction of said estimated interference 
from said preliminarily ?ltered and de-precoded 
received signal, so as to obtain an improved signal; 

means for the equalization of said improved signal, deliv 
ering an equalized signal; 

means for the estimation of said received signal, delivering 
an estimation of the received signal. 

An embodiment of the invention also relates to a computer 
program product implementing a method of reception as 
described here above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention shall 
appear more clearly from the folloWing description of a pre 
ferred embodiment, given by Way of a simple, illustrative and 
non-exhaustive example, and from the appended draWings, of 
Which: 

FIGS. 1 and 2, already commented upon With reference to 
the prior art present a chain of transmission of a linearly 
precoded signal; 

FIGS. 3 and 4, also commented upon With reference to the 
prior art, present a chain of transmission of a linearly pre 
coded signal after channel coding, implementing an iterative 
reception technique enabling the partial elimination of the 
interference due to the channel coding; 

FIG. 5 illustrates the general principle of the iterative 
reception technique according to the invention; 

FIGS. 6A and 6B present tWo alternative modes of imple 
mentation of the preliminarily estimation step of FIG. 5; 

FIG. 7 presents a more detailed vieW of an improvement 
iteration of FIG. 5; 

FIGS. 8A, 8B, 8C and 8D shoW different embodiments of 
the invention in a multiple-antenna context; 
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6 
FIGS. 9A and 9B shoW the performance of the invention as 

compared With the prior art solutions for a SISO system and 
for a MIMO system; 

FIGS. 10A, 10B and 10C illustrate the application of the 
iterative method of FIG. 5 to a multiple-user system. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

The general principle of the invention is based on an itera 
tive technique for the reception of a signal that has undergone 
a channel coding step and a linear precoding step before being 
sent, the technique implementing an iterative estimation of 
the interference generated by the channel coding and the 
precoding. The estimated interference, reconstructed from a 
preceding estimation, is then subtracted from the received 
signal so as to eliminate its contribution. 
As shoWn in FIG. 5, a receiver implementing a reception 

method of this kind comprises a ?rst preliminary estimation 
module 51, enabling the delivery of a ?rst estimation, and 
(p-l) elementary modules (52, 53), enabling the improve 
ment of the estimation of the received signal at each iteration. 

In particular, the folloWing notations and de?nitions are 
used in the rest of this document: 

d vector of bits sent; 
6) precoding matrix; 
H matrix of the channel; 

J:G—diag(G) interference matrix; 
s0”) Weighted (soft) estimation at the iteration p of the 

received signal; 
(19’) binary (hard) estimation at the iteration p of the 

received signal; 
r received signal; 
(I variance of the noise. 
Thus the signal d is considered to have been sent after linear 

precoding and channel coding. A linear precoding of this kind 
implements especially a matrix product of the vectors of the 
signal to be sent by the linear precoding matrix 6). 
At reception, the received signal r enters the ?rst estimation 

module Ite1 51, corresponding to the ?rst iteration, imple 
menting a preliminary estimation step. 

In this preferred embodiment, this preliminary estimation 
step, in the course of a ?rst iteration, delivers ?rstly a binary 
estimation (1(1) of the received signal and, secondly, a 
Weighted estimation s“) of the received signal. The binary 
estimation actually corresponds to a hard decision on the bits 
of the estimated signal While the Weighted estimation corre 
sponds to a soft estimation of these same bits. 
The Weighted estimation gm of the received signal is then 

used in the elementary module Ite2 52, during a second itera 
tion. 

This elementary module Ite2 52 takes account of the 
received signal r and the previous Weighted estimation s“) to 
deliver, in its turn, an estimation of the received signal com 
prising, ?rstly, a hard estimation (1(2) of the received signal 
and, secondly, a soft estimation §<2> of the received signal. 

This operation is reiterated p times. Thus, at the end of the 
iteration p-l, a Weighted estimation §<P-1> of the received 
signal is obtained and can be reinj ected into the last elemen 
tary module Itep 53. 
As above, this elementary module Itep 53 takes account of 

the received signal r and the previous Weighted estimation 
§<P-1> to deliver an estimation of the received signal, compris 
ing a hard estimation d0”) and a soft estimation s0”) of the 
received signal. 
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By thus reinjecting the previous Weighted estimation into 
each of the iterations, an estimated signal of better quality is 
obtained, the interference due in particular to the channel 
coding and to the linear precoding being eliminated or at least 
reduced. 

Referring noW to FIGS. 6A and 6B, We present tWo alter 
native embodiments of the ?rst estimation module Ite1 51. 

According to a ?rst variant, illustrated in FIG. 6A, the 
preliminary estimation step implements a sub-step 61 for the 
total equalization of the received signal r, folloWed by a 
sub-step for the estimation 62 of the received signal. 
The equalization sub-step 61 implements especially a mul 

tiplication of the received signal r by a global equalization 
matrix G that it is sought to diagonalize, taking account at 
least of the matrix of the channel H and of the precoding 
matrix 6) used at sending. This equalization sub-step 61 deliv 
ers an equalized de-pre-coded signal 5(1): 

According to the preferred embodiment described here, it 
shall be considered especially that G:®H-HH~H~®, or H cor 
responds to a conjugate transpose operation. 

The equalized de-pre-coded signal 5(1) is then estimated 
during the sub-step 62 of estimation of the received signal. 
This estimation especially delivers both a binary estimation 
(1(1) of the received signal, corresponding to the estimated 
binary signal, and a Weighted estimation gm of the received 
signal, corresponding to the estimated Weighted signal. 

According to a second alternative embodiment of the ?rst 
estimation module Ite1 51, illustrated in FIG. 6B, the prelimi 
nary estimation step implements a channel equalization sub 
step 63, folloWed by a de-precoding step 64, and then the 
sub-step 62 of estimation of the received signal presented in 
the ?rst alternative embodiment. 

The channel equalization sub-step 63 implements espe 
cially a multiplication of the received signal r by a matrix 
taking account of the channel matrix H, and especially of the 
noise, delivering an equalized signal 5(1); 

The equalized signal 5(1) is then de-precoded during the 
de-precoding sub-step 64, by multiplication With the matrix 
GH, corresponding to the matrix that is the conjugate trans 
pose of the precoding matrix 6) used When sending. Thus, an 
equalized de-precoded signal 5(1) is obtained such that: 

Again, the equalized de-precoded signal 5(1) is estimated 
during the sub-step 62 of estimation of the received signal, 
delivering a binary estimation (1(1) and a Weighted estimation 
gm of the received signal. 

These tWo alternative embodiments shoW comparative per 
formance. HoWever, the second alternative embodiment 
remains simpler to implement. 

It can thus be noted that, in the case of a SISO (“Single 
Input Single Output”) transmission, the channel matrix H is a 
diagonal matrix. The inversion of the matrix is then reduced to 
a scalar inversion. In the case of a MIMO transmission, the 
channel matrix H is a full matrix. 

Furthermore, since the precoding matrix 6) is unitary, the 
transpose and conjugate precoding matrix @H corresponds to 
the matrix 8'1, Which is the inverse of the precoding matrix 
6). 

Referring noW to FIG. 7, We present an iteration of 
improvement implemented in an elementary module (52, 53). 
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8 
As described here above With reference to FIG. 5, each 

elementary module presents, at input, the received signal r 
and a Weighted estimation delivered by the preceding elemen 
tary module. 

Thus, at the iteration p, the elementary module Itep 53 has 
the received signal r and the Weighted estimation §<P-1> at 
input. 

It may be recalled that the ?rst estimation is given by the 
?rst estimation module Ite1 51, during a preliminary estima 
tion step. 
The received signal r is ?rst of all ?ltered during a ?ltering 

step 71, delivering a ?ltered signal. This step is equivalent to 
multiplying the received signal r by the conjugate transpose 
matrix of the channel HH. 

It can be seen that the channel matrix is a diagonal matrix 
in the case of a SISO system, and a full matrix in the case of 
a MIMO system. This notion of equivalent channel matrix 
also includes a possible space-time coding of the signal sent 
and, especially, a block coding. 
The ?ltered signal is then de-precoded, during a de-pre 

coding step 72, to form a de-precoded signal. To do this, the 
matrix GH, corresponding to the matrix that is the conjugate 
transpose of the precoding matrix 6) used in sending mode, is 
applied to the ?ltered signal. 
The elementary module Itep 53 also implements a step 73 

for the estimation of interference, due especially to the chan 
nel coding and to the linear precoding. 

This interference estimation step 73 takes account of a 
preceding estimation, namely the Weighted estimation §<P-1> 
for the iteration p, and implements a multiplication of the 
preceding estimation by an interference matrix I. 

This interference matrix I takes account at least of the 
matrix HH that is the conjugate transpose of the channel 
matrix H and of the matrix @H that is the conjugate transpose 
of the precoding matrix 6). 
We consider especially J:G—diag(G), With 

GIGJH-HH-H-G). 
This interference, once estimated during the step 73, is then 

subtracted from the de-precoded signal, during a subtraction 
step 74, delivering an improved signal. 

This improved signal is then equalized by multiplication of 
the improved signal by a matrix taking account of the propa 
gation channel and especially of the noise and of the precod 
ing (diag(G)+o2I)_l during an equalization step 75. The 
equalized signal is then estimated during an estimation step 
76. 

In particular, this estimation step 76 delivers both a hard 
estimation (190 of the received signal, corresponding to the 
binary estimated signal and a soft estimation 5*” of the 
received signal, corresponding to the estimated, Weighted 
signal. 

It can be seen that the estimation step 76 may also imple 
ment sub-steps of mapping, de-interleaving, channel decod 
ing, re-interleaving or again soft mapping. 

It may be recalled that the term “mapping” is understood 
here to mean the conversion of binary elements into complex 
symbols. 
The estimation of the binary signal and/ or of the Weighted 

signal at each iteration also enables the estimation of the 
transmission channel. Thus, in taking account of the preced 
ing estimations of the preceding iterations, the estimation of 
the channel may be improved. 

The reception method presented may be implemented 
especially in MIMO type space multiplexing systems and/or 
in time multiplexing systems. The channel matrix H is then 
chosen so as to represent the different MIMO sub-channels 
and/or space-time coding. 
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Thus, a reception method of this kind may be implemented 
in systems having generalized space-time codes (“LD 
codes”) capable of including both the principle of space-time 
coding and that of space multiplexing. The channel matrix H 
considered then represents both space-time coding and space 
multiplexing. 

The invention considered may also be implemented in a 
multiple-user system of the MC-CDMA type. 

Thus, in sending mode, as illustrated in FIG. 10A, the 
sending or transmit device comprises a channel coder 101, an 
interleaver 102 and a mapper 103, used to convert the binary 
elements into symbols, for each user 1 to N. 

The signals coming from the different users are then mul 
tiplexed in a step 104, implementing a Fast Hadamard Trans 
form (FHT), Well knoWn to those skilled in the art. 
At reception, the iterative process implemented is substan 

tially identical to the process described in detail With refer 
ence to FIGS. 5 to 7. 

As illustrated in FIG. 10B, the preliminary estimation step 
for each of the N users is implemented in a ?rst estimation 
module, and comprises a channel equalization sub-step 63, 
folloWed by a de-precoding sub-step 106, and then a sub-step 
107 of estimation of the signal received by the user n. In the 
case of a MC-CDMA system, the de-precoding sub-step 106 
corresponds to a step of detection of a user n (for n as an 

integer and lénéN). 
The channel equalization sub-step 63 implements espe 

cially a multiplication of the received signal r by a matrix 
taking account of the channel matrix H, and especially of the 
noise, delivering an equalized signal 5(1); 

The equalized signal 5(1) is then multiplied by the n-th line 
of the matrix @H corresponding to the user n, referenced 
(6)11)”, the matrix @H corresponding to the matrix that is the 
conjugate transpose of a precoding matrix 6) used When send 
ing. Thus, an equalized de-precoded signal 5”“), is obtained, 
such that: 

The equalized de-precoded signal 5”“) is then estimated 
during the sub-step 107 for the estimation of the received 
signal, delivering a binary estimation dnu) and a Weighted 
estimation if” of the signal received by the user n. 
As illustrated in FIG. 10C, and as described here above 

With reference to FIG. 5, each elementary module has, at 
input, the received signal r and a Weighted estimation deliv 
ered by the preceding elementary module. FIG. 10C illus 
trates an elementary module p of this kind for the user n. 

The received signal r is ?rst of all ?ltered during a step 71. 
In the case of a multi-user system, the de-precoding step 72 of 
FIG. 7 is replaced by a single-user detection step 105 enabling 
an estimation to be made independently for each user. This 
detection step 105 implements a multiplication of the 
received signal ?ltered by the n-th line of the de-precoding 
matrix @H corresponding to the user n, referenced (®H)n, and 
gives a de-precoded signal. 

In the case of a multi-user system, the preceding Weighted 
estimation p-l entering an elementary module p comprises 
the contribution of the preceding estimations p-l for all the 
users (N users in this example). Thus, the interference matrix 
I implemented enables the reconstruction of the interference 
generated by users other than the user n. At the iteration p, this 
matrix takes account especially of the preceding Weighted 
estimations §1<P-1>, . . . ,§n<P-1>, . . . ,sN(P_1), given by the 

preceding iteration p-l. 

20 

25 

30 

40 

45 

50 

55 

60 

65 

10 
This interference, once estimated during the step 73, is then 

subtracted from the de-precoded signal during a step 74, to 
give an improved signal. This improved signal is then equal 
ized, and then estimated during an estimation step 108. 

This estimation step 108 delivers especially a binary esti 
mation dn(p) of the signal received by the user n, correspond 
ing to the estimated binary signal, and a Weighted estimation 
sf) of the signal received by the user n, corresponding to the 
estimated Weighted signal. 
An iterative technique of this kind can also be used in an 

MC-CDMA system implementing several transmit and/or 
receiver antennas and/or a space-time coding operation. 

The invention can also be applied to systems implementing 
trellis-coded modulation (TCM). 
The performance of the iterative method according to the 

invention can also be improved by the implementation of 
automatic gain control (AGC), before or after the equaliza 
tion step (61, 63) in a ?rst estimation module and/or during 
iterations in at least one of the elementary modules. 

The AGC is aimed in particular at normalizing the energy 
from the signal to make it unitary, and at minimizing the 
propagation of errors in the iterations. 

Thus a signal xk at input of such an AGC, is converted into 
a signal yk as folloWs: 

The coe?icient (Xk can be determined especially by: 

Where p. is the adaptation step. 
Referring noW to FIGS. 8A, 8B, 8C and 8D, different 

modes of implementing such a reception method are pre 
sented. 

For these different modes proposed, the precoding matrix 
6) is considered to be a block matrix of the form: 

and 

and for iE[l,2], 

0 — n k’ 
i- Z + 

Where k, k' are relative integers. 
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The parameters 11, G) 1 and @2 are optimized in particular if: 

nqr/4 

(91:5n/4 

(92:3n/4 

It is considered here, and for the different embodiments 
described here below, that the transmission system com 
prises, on the sender side, a channel coding and a precoding 
With a length L, implemented from the precoding matrix ®L. 
H again denotes the equivalent channel matrix and r the 

received signal, these tWo parameters being used by the itera 
tive system. 

Thus FIG. 8A shoWs a SISO type system, comprising a 
single sending or transmit antenna 810 and a single receiver 
antenna 811. At the symbol time i, the transmit antenna 810 
sends a symbol s(i), through a propagation channel repre 
sented by the coe?icient h(i). 
The received symbol r(i), affected by the propagation chan 

nel has the form: r(i):s(i)*h(i). 
The equivalent channel matrix H used by the iterative 

receiver is then a diagonal matrix (because the system is of the 
SISO type), having the form: 

h(i) 0 0 0 

0 h(i+1) 0 0 
I ' 0 I 

0 0 - h(i+L-1) 

A MIMO type system is noW presented in FIG. 8B. This 
system has tWo transmit antennas (821, 822) and tWo receiver 
antennas (823, 824). The system in this case has, on the 
sending side, a multiplexer 825 enabling spatial multiplexing 
and, on the reception side, a demultiplexer 826. The channel 
matrix H is also chosen so as to represent spatial multiplexing 
(namely the different sub-channels of the MIMO sub-sys 
tem). 

hmn(i) denotes the coe?icient of the channel betWeen the 
mth transmit antenna and the nth receiver antenna at the 
symbol time i. 

Thus, at the symbol time i, tWo symbols s l(i) and s2(i) are 
sent simultaneously on the tWo transmit antennas (821, 822). 
The spatial multiplexing can also be represented by the fol 
loWing table, in considering Ts to be a symbol time: 

Antenna 821 Antenna 822 

The equivalent channel matrix H used by the iterative 
receiver then has the form: 

With H 6 CM 

20 

25 

35 

40 

45 

50 

55 

65 

12 
The vector r used in the iterative reception method corre 

sponding to the received signal then has the form: 

We noW take the case of a MISO system as shoWn in FIG. 
8C. 

This system has tWo transmit antennas (831, 832) and only 
one receiver antenna (833). On the sending side, the system 
also implements a space-time coding 834, for example of the 
Alamouti type. 

hm(i) denotes the coe?icient of the channel betWeen the 
mth transmit antenna and the nth receiver antenna at the 
symbol time i. It is also assumed that the channel is constant 
on tWo consecutive symbol times, namely: 

The space-time coding can be represented in particular by 
the folloWing table, in considering Ts to be a symbol time: 

Antenna Antenna Antenna Antenna 
841 842 843 844 

t = i Ts s1 s2 s3 s4 

t= (1+ 1) Ts —s2* —s1* —s4 s3* 

The equivalent channel matrix H used by the iterative 
receiver then has the form: 

The vector r used in the iterative reception method corre 
sponding to the received signal then has the form: 

avec r E CLXI. 

It can be seen, through these different embodiments, that 
the channel equivalent matrix can represents a space multi 
plexing and/or a time multiplexing. This channel matrix may 
also take account of other processing operations implemented 
in a sender, and take account of inter-symbol interference. 
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Referring noW to FIGS. 9A and 9B, a description is given 
of the performance of the invention as compared With the 
prior art solutions for a SISO system (9A) and for a MIMO 
(9B) system. 
The channel encoding used for these tWo systems is of a 

convolutional type, and has an ef?ciency R equal to 1/2, and a 
constraint length K equal to 5. 

The curves of FIG. 9A correspond to a SISO having only 
one transmit antenna and only one receiver antenna as illus 
trated in FIG. 8A. 

The curve l><l , referenced 91, has a binary error rate (BER) 
as a function of the ratio Eb/N0 (corresponding to the ratio 
betWeen the energy expended per transmitted bit and the 
spectral density of the White noise), for a prior art system 
Without precoding, implementing a channel encoding. 

The curves l><l L:4 ite1 and 1x1 L:64 ite1, respectively 
referenced 92 and 93, shoW the performance of a prior art 
system as presented by V. Le Nir, M. Hélard and R. Le 
Gouable, in “Technique de précodage et de codage espace 
temps” (Space-time precoding and coding technique), patent 
application FR 02 16200, ?led on 16 Dec. 2002 on behalf of 
the present applicant. Such a system does not implement an 
iterative reception method, and comprises a linear de-pre 
coder at reception concatenated With the channel decoder, for 
a precoding length L:4 (curve 92) or L:64 (curve 93). 

Finally, the curves l><l L:4 ite4 and 1x1 L:64 ite4, respec 
tively referenced 94 and 95, present the performance of a 
system according to the invention, implementing an iterative 
reception method With four iterations. 

Thus, a gain of about 2.5 dB can be seen betWeen the curve 
l><l L:4 ite1 (92), Which corresponds to the system imple 
menting a single iteration and the curve l><l L:4 ite4 (94), 
Which corresponds to a system implementing four iterations 
When the binary error rate (BER) is 10-3, With a pre-encoding 
length L:4. 
A gain of about 3 dB is also seen betWeen the curve l><l 

L:64 ite1 (93), Which corresponds to the system implement 
ing a single iteration and the curve l><l L:4 ite64 (95), Which 
corresponds to a system implementing four iterations When 
the binary error rate (BER) is 10'3 , With a precoding length 
L:64. 

It can thus be seen that the reception performance is 
improved When the siZe of the pre-encoding increases and/or 
When the number of iterations increases. 

The curves of FIG. 9B present the performance of a MIMO 
type spatial multiplexing system With four transmit antennas 
and four receiver antennas, implementing the reception 
method according to the invention. 

This ?gure shoWs the curves 4><4 L:4 ite4 and 4x4 L:64 
ite4, respectively referenced 96 and 97, corresponding to the 
implementation of an iterative reception method With four 
iterations for a precoding length L:4 (curve 96) or L:64 
(curve 97). 

It can be seen that the performance obtained for a precod 
ing length L:64 (curve referenced 97) is substantially better 
than the performance corresponding to a precoding length 
L:4 (curve referenced 96). 

Thus, a gain of about 1.5 dB is observed betWeen these tWo 
curves, When the binary error rate (BER) is 10'3 . 

Thus, a system implementing the reception method of the 
invention shoWs very good performance, comparable to the 
performance obtained With a maximum likelihood type of 
detector at reception, While at the same time maintaining 
reduced complexity. 

It Will be noted that the invention is not limited to a purely 
hardWare installation but that it can also be implemented in 
the form of a sequence of instructions of a computer program 
or any form combining a hardWare part and a softWare part. 
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Should the invention be partially or totally implemented in 
softWare form, the corresponding sequence of instructions 
could be stored in a storage means that is detachable (such as 
for example a ?oppy disk, a CD-ROM or a DVD-ROM) or 
non-detachable, this storage means being partially or totally 
readable by a computer or a microprocessor. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the art 
Will recogniZe that changes may be made in form and detail 
Without departing from the spirit and scope of the invention. 

What is claimed is: 
1. A method for the reception of a data signal Which, before 

being sent, has undergone a linear precoding by means of a 
unitary precoding matrix, and a channel coding, Wherein the 
method comprises: 

at least one iteration to improve an estimation of the 
received data signal, as a function of said received data 
signal and of a preceding estimation of said received 
data signal, said iteration comprising the folloWing 
steps: 
an estimation of an interference, due at least to said 

linear precoding and affecting said received data sig 
nal, as a function of said preceding estimation so as to 
obtain an estimated interference, Wherein said inter 
ference estimation step implements a multiplication 
of said preceding estimation by an interference 
matrix, Wherein the interference matrix takes account 
of at least a matrix that is the conjugate transpose of a 
matrix representing the transmission channel of said 
received data signal and a matrix that is the conjugate 
transpose of said precoding matrix; 

a subtraction of said estimated interference from a pre 
liminarily ?ltered and inverse precoded received data 
signal, so as to obtain an improved signal; 

an equalization of said improved signal, delivering an 
equaliZed received data signal; and 

an estimation of the data signal. 
2. A reception method according to claim 1, Wherein, in 

each of said iterations, said ?ltering of the received data signal 
is implemented by multiplication of said received data signal 
by a ?ltering matrix that is the conjugate transpose of a matrix 
representing at least the transmission channel. 

3. A reception method according to claim 1, Wherein said 
preceding estimation is delivered by the preceding iteration 
for all the iterations except for the ?rst iteration, and by a step 
of preliminary estimation for the ?rst iteration. 

4. A reception method according to claim 3, Wherein said 
preliminary estimation step comprises the folloWing steps: 

global equalization by multiplication of said received data 
signal by a diagonaliZed global equaliZation matrix, rep 
resenting the transmission channel of said received data 
signal and said precoding matrix; 

estimation of said received data signal delivering an esti 
mation of the received data signal. 

5. A reception method according to claim 3, Wherein said 
preliminary estimation comprises the folloWing steps: 

channel equaliZation by multiplication of said received 
data signal by a matrix that is the conjugate transpose of 
a matrix representing the transmission channel of said 
received data signal, delivering an equaliZed received 
data signal; 

de-precoding, by multiplication of said equaliZed received 
data signal by a matrix that is the conjugate transpose of 
said precoding matrix; 

estimation of said equaliZed received data signal, deliver 
ing an estimation of the received data signal. 
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6. A reception method according to claim 1, wherein at 
least one of said steps of estimation of the received data signal 
delivers, ?rstly, a binary estimation of said received data 
signal and, secondly, a Weighted estimation of said received 
data signal, said Weighted estimation being used for the fol 
loWing iteration if it exists. 

7. A reception method according to claim 1, Wherein said 
steps of estimation comprise at least some of the folloWing 
operations: 

conversion of the bits into symbols or mapping; 
de-interleaving; 
channel decoding; 
re-interleaving; 
soft mapping. 
8. A reception method according to claim 1, Wherein said 

received data signal is sent by and/ or received on at least tWo 
antennas. 

9. A reception method according to claim 8, Wherein said 
received data signal has undergone a space-time coding When 
sent, and Wherein the method implements a channel decoding 
by means of a full matrix. 

10. A method according to claim 2, Wherein said ?ltering 
matrix takes account of the transmission channel and of said 
space-time coding. 

11 . A method according to claim 1, Wherein, for at least one 
iteration, the method implements a channel estimation taking 
account of at least one of the preceding estimations. 

12. A method according to claim 1, implemented in an 
MC-CDMA type of multi-user system. 

13 . A device for the reception of a data signal Which, before 
being sent, has undergone a linear precoding by means of a 
unitary precoding matrix, and a channel coding, the device 
comprising: 
means to improve an estimation of the received data signal 

iteratively, as a function of said received data signal and 
of a preceding estimation of said received data signal, 

means for estimating an interference, due at least to said 
linear precoding and affecting said received data signal, 
as a function of the preceding estimation so as to obtain 
an estimated interference, Wherein means for estimating 
an interference implements a multiplication of said pre 
ceding estimation by an interference matrix, Wherein the 
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interference matrix takes account of at least a matrix that 
is the conjugate transpose of a matrix representing the 
transmission channel of said received data signal and a 
matrix that is the conjugate transpose of said precoding 
matrix; 

means for subtracting said estimated interference from a 
preliminarily ?ltered and inverse precoded received data 
signal, so as to obtain an improved signal; 

means for equalizing said improved signal, delivering an 
equalized received data signal; 

means for estimating said equalized received data signal, 
delivering an estimation of the received data signal. 

14. A computer readable storage medium storing a set of 
machine executable instructions, said instructions being 
executable by a computer and adapted to implement a method 
for reception of a data signal Which, before being sent, has 
undergone a linear precoding by means of a unitary precoding 
matrix, and a channel coding, Wherein the method comprises: 

at least one iteration to improve an estimation of the 
received data signal, as a function of said received data 
signal and of a preceding estimation of said received 
data signal, said iteration comprising the folloWing 
steps: 
an estimation of an interference, due at least to said 

linear precoding and affecting said received data sig 
nal, as a function of said preceding estimation so as to 
obtain an estimated interference, Wherein said inter 
ference estimation step implements a multiplication 
of said preceding estimation by an interference 
matrix, Wherein the interference matrix takes account 
of at least a matrix that is the conjugate transpose of a 
matrix representing the transmission channel of said 
received data signal and a matrix that is the conjugate 
transpose of said precoding matrix; 

a subtraction of said estimated interference from a pre 
liminarily ?ltered inverse precoded received data sig 
nal, so as to obtain an improved signal; 

an equalization of said improved signal, delivering an 
equalized received data signal; and 

an estimation of the data signal. 

* * * * * 


