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METHOD AND DEVICE FOR 
TRANSMITTING A SIGNAL IN A 

MULTI-ANTENNA SYSTEM, SIGNAL, AND 
METHOD FOR ESTIMATING THE 
CORRESPONDING TRANSMISSION 

CHANNELS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This Application is a Section 371 National Stage Applica 
tion of International Application No. PCT/FR2005/000965, 
?led Apr. 19, 2005 and published as WO 2005/112329 on 
Nov. 24, 2005, not in English. 

FIELD OF THE DISCLOSURE 

The ?eld of the disclosure is that of digital communications 
by Wireless. More speci?cally, the disclosure relates to the 
transmission and reception, and especially the estimation of 
transmission channels in a MIMO (“Multiple Input Multiple 
Output”) type or MI SO (“Multiple Input Single Output”) type 
multiple-antenna system, through the transmission of signals 
subjected to a space-time and/or space-frequency encoding. 
More speci?cally again, the invention can be applied to 

multi-antenna systems implementing several transmit anten 
nas, in particular more than tWo transmit antennas. The sig 
nals comprise reference symbols, knoWn to at least one 
receiver and enabling this receiver to estimate the transmis 
sion channels corresponding to each of the transmit antennas. 
An example of an application of an embodiment of the 

invention is in the ?eld of radio communications, especially 
for third, fourth and subsequent generation systems. 
An embodiment of the invention can be applied to uplink 

communications (from a terminal to a base station) as Well as 
to doWnlink communications (from a base station to a termi 

nal). 

BACKGROUND 

There are several and knoWn techniques of estimation of 
transmission channels in a multi-antenna system comprising 
several transmit antennas. 
Most of these estimation techniques are limited to the 

application of a space-time encoding or space-frequency 
encoding in OFDM-type multi-carrier systems. 

Thus, the ?rst systems proposed all used orthogonal space 
time block codes. 

Alamouti in “A Simple Transmit Diversity Technique for 
Wireless Communications”, IEEE Journal on Selected Areas 
in Communications, pp. 31 1-335, vol. 6, 1998, presented the 
?rst system using an orthogonal space-time block code of rate 
1 (Where rate is de?ned as the ratio betWeen the number N of 
symbols transmitted and the number L of symbol times dur 
ing Which they are transmitted) for tWo transmit antennas. 
A major draWback of Alamouti’s orthogonal space-time 

codes is that they are limited to tWo -transmit-antenna systems 
and that it is not possible to extend their use directly to a 
system With more than tWo transmit antennas While keeping 
an unitary rate. 

Tarokh and al. (“Space-time Block Codes from Orthogonal 
Designs”, IEEE Transactions on Information Theory, 1999, 
45, (5), pp. 1456-1467) then extended the orthogonal space 
time block codes to systems comprising three or four transmit 
antennas. HoWever, the rates RIN/ L obtained Were only 1/2 or 
3A. 
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2 
One draWback of Tarokh’s orthogonal space-time codes 

therefore is that, although they are adapted to systems imple 
menting a greater number of transmit antennas (three or four 
antennas), they have a rate of less than 1. 

Barhumi and al. in “Pilot Tone-based Channel estimation 
for OFDM Systemes With Transmitter Diversity in Mobile 
Wireless Channels” then proposed a channel estimation tech 
nique for multi-antenna OFDM (SISO-OFDM or MIMO 
OFDM) systems relying on a classic OFDM channel estima 
tion system, implementing an extinction of certain carriers. 
HoWever, one drawback of this estimation technique in a 
MIMO system is that the insertion of reference symbols gen 
erally causes major loss of spectral ef?ciency Whenever, for 
each transmit antenna, a reference symbol is transmitted on a 
reference carrier at a given point in time While no data What 
soever is transmitted on the other carrier or carriers so as not 
to disturb the estimation of the transmission channel. 

Other research Was subsequently conducted by Fragouli 
and al. in “Training Based Channel Estimation for Multiple 
Antenna Broadband Transmissions” on the learning 
sequences that can be used for channel estimation for multi 
antenna systems. 

Subsequently, Stirling-Gallacher and al. (“Improving per 
formance of coherent coded OFDM systems using space time 
transmit diversity”, Electronics Letters, Vol. 37 N, March 
2001, “Practical Pilot Patterns coherent coded OFDM sys 
tems using space time transmit diversity”, European Wireless 
2002 conference, 25-28 Feb. 2002, Florence) envisaged a 
channel estimation technique for MIMO-OFDM systems, 
restricted to tWo-transmit-antenna systems using orthogonal 
space-time codes of the Alamouti or Tarokh type. 
One draWback of this estimation technique is that the num 

ber of transmit antennas of the transmission system is limited 
by the use of prior-art orthogonal space-time block codes. 

Thus, according to the prior-art techniques, there are no 
complex orthogonal unit-rate codes for systems having more 
than tWo transmit antennas. This diminishes spectral e?i 
ciency. 

SUMMARY 

An embodiment of the invention relates to a method for 
transmitting a digital signal via n transmit antennas, n being 
strictly greater than 2, in Which n vectors to be transmitted 
respectively by each of said transmit antennas are associated 
With a source data vector by means of an encoding matrix M 
of rate equal to 1, using reference symbols knoWn to at least 
one receiver and enabling this receiver to estimate at least 
three transmission channels respectively corresponding to 
each of said transmit antennas. 

According to an embodiment of the invention, said refer 
ence symbols of a transmission method of this kind undergo 
a mathematical transformation by said encoding matrix M 
before they are transmitted. 

Thus, an embodiment of the invention relies on an entirely 
novel and inventive approach to the transmission of a digital 
signal, implementing an encoding matrix in a multi-antenna 
system With more than tWo transmit antennas. 

More speci?cally, an embodiment of the invention pro 
poses the transmission, on the n transmit antennas, of the 
reference symbols of the encoding matrix M of rate equal to 
1, a vector of reference symbols being associated With the 
encoding matrix M by means of an encoding function. 

Such an encoding matrix M of rate equal to 1 corresponds 
either to a non-orthogonal matrix or to a block orthogonal 
matrix, the rate being de?ned as the ratio betWeen the number 
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of symbols transmitted and the number of symbols times 
during Which they are transmitted. 

Advantageously, the reference symbols are distributed in 
space and in time and/ or in space and in frequency. 
The encoding matrix then implements a space-time encod 

ing and/ or space-frequency encoding. 
According to a ?rst embodiment, the encoding matrix 

includes at least tWo blocks, each of the blocks being orthogo 
nal. 

Preferably, each of the blocks of reference symbols is 
transmitted separately, each of the blocks being transmitted 
on certain transmit antennas, the other transmit antennas 
being poWered off. 

Thus, the data transmitted by a ?rst set of antennas are not 
disturbed by the data transmitted by another set of antennas, 
the other set of antennas not transmitting on the same carriers 
at the same point in time. 

According to another embodiment of the invention, called 
a third embodiment, the transmission method comprises a 
step of selection betWeen a frequency distribution and a time 
distribution. 

In particular, this selection step may take account of the 
characteristics of a transmission channel. 

According to another embodiment of the invention, called 
a second embodiment, the reference symbols are transmitted 
on all the transmit antennas after mathematical transforma 
tion by the encoding matrix M. 

Thus, the encoding matrix M is a comprehensively non 
or‘thogonal matrix. 

In particular, the encoding matrix M may be obtained by a 
Jafarkhani type encoding and has the form: 

Where xi is a reference symbol and xl-* is a conjugate ref 
erence symbol With i being a relative integer, l§i§4. 
An embodiment of the invention also relates to correspond 

ing transmit device. 
As indicated here above, an embodiment of the invention 

can thus be applied to uplink communications, a transmit 
device then corresponding to a terminal (or being included in 
a terminal), as Well as to doWnlink communications, a trans 
mit device corresponding, in this case, to a base station (or 
being included in a base station). 
An embodiment of the invention also relates to a digital 

signal formed by n vectors respectively transmitted by means 
of n transmit antennas, n being strictly greater than 2. 

According to an embodiment of the invention, the signal 
comprises encoded reference symbols, obtained after math 
ematical transformation of reference symbols by an encoding 
matrix M of unitary rate, so as to enable the estimation, in a 
receiver, of at least three transmission channels respectively 
corresponding to each of the transmit antennas. 
An embodiment of the invention also relates to method of 

estimation of the transmission channels in a multi-antenna 
system implementing n transmit antennas, Where n is strictly 
greater than 2, and at least one reception antenna. According 
to this method, n vectors to be transmitted respectively by 
each of said transmit antennas are associated With a vector of 
source data, by means of an encoding matrix M, implement 
ing reference symbols knoWn to at least one receiver and 
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4 
enabling this receiver to estimate at least three transmission 
channels corresponding respectively to each of the transmit 
antennas. 

According to an embodiment of the invention, such an 
estimation method comprises a step of reception of a received 
reference vector, corresponding to a transmitted reference 
vector obtained by the multiplication of reference symbols by 
said encoding matrix M, and modi?ed by at least one trans 
mission channel for each of the transmit antennas. For each of 
said reception antennas, the received reference vector under 
goes a mathematical transformation by a decoding matrix, 
Which is the inverse of the encoding matrix and takes account 
of the effect of a transmission channel associated With the 
reception antenna, to give an estimation of the effects of the 
transmission channels on the reference symbols. 

Thus, an embodiment of the invention relies on an entirely 
novel and inventive approach to channel estimation in a multi 
antenna system With more than tWo transmit antennas. It Will 
be noted that this approach is also novel in a system With tWo 
transmit antennas. 

Indeed, the estimation of the different transmission chan 
nels is implemented from reference symbols knoWn to at least 
one receiver, a vector of reference symbols being associated 
With an encoding matrix M by means of an encoding function. 

With the vector of reference symbols and the encoding 
matrix M used being knoWn, it is possible to estimate the 
different transmission channels from the inverse of the encod 
ing matrix, corresponding to the decoding matrix. 

Thus, from reference symbols and the encoding technique 
used, a reception device may implement techniques of decod 
ing, ?ltering or equalization, and a recombination of the sig 
nals coming from the various antennas, in order to estimate 
the different transmission channels. 

Advantageously, the decoding matrix is an inverse matrix 
integrating an equaliZation in the sense of the MMSE (“Mini 
mum Mean Squared Error”) or ZF (“Zero Forcing”) criterion. 

In particular, the criterion implemented may be the MMSE 
criterion. The decoding matrix is then formed by the ele 
ments: 

MH 

The criterion implemented may also be the ZF criterion. 
The decoding matrix is then formed by the elements: 

With: 
r being the received reference vector; 
M the encoding matrix; 
I the unitary matrix; 
y the signal-to-noise ratio; 
H the conjugate transpose. 
Preferably, the estimation method comprises an interpola 

tion step delivering an estimation of the transmission chan 
nels for each of the payload data from the estimation of the 
reference symbols. 

In particular, the interpolation step is noteworthy in that it 
implements a temporal interpolation and/ or a frequency inter 
polation. 
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This interpolation step may belong to the group compris 
ing: 

linear interpolations; 
Wiener interpolations. 
Another embodiment of the invention relates to a reception 

device in a multi-antenna system implementing n transmit 
antennas, Where n is strictly greater than 2, and at least one 
reception antenna, in Which n vectors to be transmitted 
respectively by each of said transmit antennas are associated 
With a vector of source data, by means of an encoding matrix 
M, implementing reference symbols knoWn to said receiver 
and enabling this receiver to estimate n transmission channels 
corresponding respectively to each of said transmit antennas. 

Such a reception device comprises means of reception of a 
received reference vector, corresponding to a transmitted ref 
erence vector obtained by the multiplication of reference 
symbols by said encoding matrix M, and modi?ed by at least 
one transmission channel for each of the transmit antennas. 
For each of said reception antennas, the received reference 
vector undergoes a mathematical transformation by a decod 
ing matrix, Which is the inverse of the encoding matrix and 
takes account of the effect of a transmission channel associ 
ated With the reception antenna, to give an estimation of the 
effects of the transmission channels on the reference symbols. 
As indicated here above, an embodiment of the invention 

can be applied to uplink communications, the reception 
device then corresponding to a base station (orbeing included 
in a base station), as Well as to doWnlink communications, the 
reception device corresponding in this case to a terminal (or 
being included in a terminal). 

Other features and advantages shall appear more clearly 
from the folloWing description of a preferred embodiment, 
given by Way of a simple, illustrative and non-exhaustive 
example, and from the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B present a system of channel estimation in 
a multi-antenna system With four transmit antennas, With 
symbols distributed in the frequency domain (FIG. 1A) or 
time domain (FIG. 1B) according to a ?rst embodiment of the 
invention; 

FIGS. 2A and 2B present a particular distribution of the 
symbols of the channel estimation system of FIGS. 1A and 
1B; 

FIGS. 3A and 3B illustrate a system of channel estimation 
in a multi-antenna system With four transmit antennas, With 
symbols distributed in the frequency domain (FIG. 3A) or 
time domain (FIG. 3B) according to a third embodiment of 
the invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The general principle of an embodiment of the invention 
relies on the association of an encoding matrix M With a 
vector of reference symbols, knoWn to at least one receiver, so 
as to enable the estimation, in the receiver, of the different 
propagation channels betWeen more than tWo transmit anten 
nas and a reception antenna. 

This encoding matrix M is either non-orthogonal or block 
orthogonal and has a rate equal to l, the rate being de?ned as 
the ratio betWeen the number of symbols transmitted and the 
number of symbol times during Which they are transmitted. 
The symbols of the encoding matrix M are then distributed in 
time and/or in frequency on each of the transmit antennas. 
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6 
At reception, for each reception antenna, the received sig 

nal is multiplied by the inverse matrix (integrating an equal 
iZing technique as understood according to the MMSE or ZF 
criterion) of the encoding matrix M, in taking account if 
necessary of the noise introduced by the receiver. 

The result is a vector With n dimensions representing the n 
transmission channels betWeen the n transmit antennas and 
this reception antenna. This vector With n dimensions is then 
used by the receiver to estimate the transmission channels. 
This is done for example by repeating this operation periodi 
cally and performing a time and/ or frequency interpolation 
betWeen tWo reference symbols estimated during this opera 
tion. The interpolation is, for example, of a linear or Wiener 
type 

Referring noW to FIGS. 1A and 1B, a description is given 
of a ?rst embodiment of the invention in Which it is sought to 
estimate the transmission channels of a multi-antenna system 
With four transmit antennas. 

According to this ?rst embodiment, the encoding matrix M 
is a block matrix, each of the blocks comprising n reference 
symbols. An Alamouti orthogonal space-time encoding is 
then applied to each block of the encoding matrix M. Each of 
the blocks of n reference symbols is then orthogonal. 

Those skilled in the art Will easily extend this teaching to 
the case Where the number of antennas, in transmission and/ or 
in reception, is greater. It is thus possible to apply anAlamouti 
encoding to each of the blocks of a system With n:4, 6, 
8, . . .transmit antennas. 

According to this embodiment illustrated in FIGS. 1A and 
1B, the Alamouti encoding is applied to the reference sym 
bols used for the estimation of the channel. Then, these 
encoded reference symbols are transmitted on one pair of 
antennas While the other pair of antennas is kept poWered off. 

Thus, if We consider the vector of reference symbols [x1 x2 
x3 x4], the encoding matrix M Which for its part is associated 
by means of the encoding function is: 

Where xi is a reference symbol, xi+ is a conjugate reference 
symbol, With i as a relative integer and l§i§4, and 0 signi?es 
that no symbol is transmitted on the concerned antenna. 

Each block 

of the encoding matrix being encoded according to an Alam 
outi code, We have M~MH:I, With I as the unit matrix, and H 
as the conjugate transpose. 
The reference symbols of the encoding matrix M are then 

transmitted after space-frequency distribution (FIG. 1A) or 
space-time distribution (FIG. 1B) on the different transmit 
antennas, the space axis representing the columns of the 
matrix M and the frequency axis (FIG. 1A) or time axis (FIG. 
1B) representing the roWs of the matrix M. 

It is clear that other space-time or space-frequency distri 
butions of the symbols can be envisaged, as also a combina 
tion of the space-time and space-frequency distributions. 
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In fact, each block of the encoding matrix M is transmitted 
independently on its respective antennas, While the other 
blocks of the encoding matrix are not transmitted. In other 
Words, each block of reference symbols is transmitted sepa 
rately, each of the blocks being transmitted on certain trans 
mit antennas While the other antennas are poWered off. 

Thus, FIG. 1A presents the symbols transmitted by the four 
antennas 11, 12, 13, 14 of a multi-antenna system With four 
transmit antennas, the symbols transmitted being distributed 
in the frequency domain (y-axis) with X- being a reference 
symbol referenced 15, Xl.* a conjugate reference symbol (i a 
relative integer and léié4), x a data symbol referenced 16, 
and 0 signi?es that no symbol is transmitted. 

The symbols transmitted by the four antennas 11, 12, 13, 
14 are distributed in the space-frequency domain (FIG. 1A) or 
space-time domain (FIG. 1B) as a function of the parameters 
AF, Afl, Af2 (FIG. 1A), AT, Atl, At2 (FIG. 1B), representing 
the repetition patterns of the reference symbols. 

The values chosen for Af, corresponding to the spacing 
betWeen tWo reference carriers (in this example Af:{AF, Afl, 
Af2}), and for At, corresponding to the spacing betWeen tWo 
reference symbols at knoWn points in time (in this example 
At:{AT, At 1, At2}), are not proper to the proposed system but 
depend on the stationary state of the transmission channel. 

In general, the folloWing are assumed: 

AF<<BC, With BC the coherence band of the channel; 
AT<<TC, With TC the coherence time of the channel; 
Al veri?es at best the frequency stationary state of the 

channel; 
Atl veri?es at best the temporal stationary state of the 

channel; 
Af2 and At2 depend on a compromise betWeen the loss of 

spectral ef?ciency and the performance of the system. 
FIGS. 2A and 2B also present another example of the 

space-time distribution (FIG. 2A) or space-frequency distri 
bution (FIG. 2B) of the symbols in this ?rst embodiment, as a 
function of the parameters AF, Afl, Af2 (FIG. 2A), AT, Atl, At2 
(FIG. 2B). 

In this example, the values of the reference symbols are 
chosen so that XIIX3 and X2:X4. 

The reference vector received at the level of a reception 
antenna, modi?ed by the transmission channel, can then be 
Written in the form r:Xh+n, Where h corresponds to a mod 
eling of the transmission channel and n is a Gaussian White 
noise vector. 

This received reference vector can also be Written in vector 
form: 

For each of the reception antennas, it is sought to estimate 
the transmission channel h by applying, to the received ref 
erence vector, a mathematical transformation by a decoding 
matrix, corresponding to the inverse matrix integrating a tech 
nique of equalization, in the sense of the MMSE or ZF crite 
rion, of the encoding matrix M. 
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According to the MMSE criterion, the decoding matrix is 

formed by the elements: 

MH 

With: 
r as said received reference vector; 
M said encoding matrix; 
I a unitary matrix; 
y the signal-to-noise ratio; 
H the conjugate transpose. 
According to the ZF criterion, the decoding matrix is 

formed by the elements: 

With: 
r as said received reference vector; 
M said encoding matrix; 
H the conjugate transpose. 
These tWo criteria lead to identical results With a high 

signal-to-noise ratio. 
In the case of a ZF criterion, We obtain: 

A -000 -000 
a a 

"1 1 a0 hl l 

A_ 100 h 1 
"3 00-0 3 00-0 
A b 00 M b 
E 

0 0 0 | 0 0 0 

It is thus possible to determine the coef?cients of the chan 
nel at an instant p on a carrier k, at an instant p on a carrier 

k+Af1, . . . , as illustrated in FIG. 2A. 

By applying a frequency interpolation betWeen the tWo 
carriers k and k+Afl bearing the reference symbols, the 
receiver can determine the coef?cients of the propagation 
channel at the carriers k, k+l, k+2, . . . ,k+Af1—l, k+Afl. 
An interpolation can also be made in the time domain, in 

considering that the reference symbols are transmitted at the 
instant p on the carrier k, at the instant p+At on the same 
carrier k, . . . . The receiver can then determine the coef?cients 

of the propagation channel at the instants p, p+l, p+2, . . . , 

p+At-l, p+At and so on and so forth. 
The receiver can therefore perform a time interpolation 

and/or a frequency interpolation. This interpolation step 
implements an interpolation technique Well knoWn to those 
skilled in the art, such as for example a linear type interpola 
tion or a Wiener interpolation. 

Since the other pair of antennas does not transmit on the 
same carriers and at the same instants, as illustrated in FIGS. 
1A, 1B, 2A and 2B, the signal transmitted by the ?rst pair of 
antennas is not disturbed. 
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Each pair of antennas then alternately transmits the refer 
ence symbols distributed on its antennas, so as to estimate all 
the transmission channels of the multi-antenna system. 

According to an embodiment of the invention, it is thus 
possible to apply orthogonal space-time codes to systems 
having a greater number of transmit antennas, by means of an 
encoding matrix M preserving a rate equal to 1. It is thus 
possible to apply an Alamouti code With a rate equal to l to 
systems having 4, 6, 8, . . . , transmit antennas (Whereas in the 
prior art, the number of transmit antennas of the transmission 
system is limited oWing to the use of orthogonal space-time 
codes). 

HoWever, although this channel estimation technique per 
forms better in terms of estimation, since the other groups of 
antennas are poWered off When one group of antennas is 
transmitting, this technique is accompanied by a loss of spec 
tral ef?ciency and does not bene?t from the total poWer of the 
antennas since certain carriers convey no information at 
de?ned instants. 
A second embodiment of the invention is then presented, 

Wherein the reference symbols are transmitted on all the 
transmit antennas after mathematical transformation by the 
encoding matrix M, the encoding matrix M being non-or 
thogonal. 

According to the second embodiment, a Jafarkhani type 
non-orthogonal space-time encoding, as presented in “A 
Quasi-Orthogonal Space-Time Block Code” (IEEE Transac 
tions on Communications, Vol. 49, No l, 2001, pp. 1-4), is 
applied to the reference symbols used for the estimation of the 
channel. 

This encoding is used especially to transmit signals shoW 
ing loW interference. 

Thus, if We consider the vector of reference symbols [x1 x2 
x3 x4], the encoding matrix M associated With it by means of 
the encoding function is: 

Where xi is a reference symbol, xl.* is a conjugate reference 
symbol With i as a relative integer, l§i§4 

All the reference symbols of the encoding matrix M are 
then transmitted after space/ frequency distribution on all the 
transmit antennas, the spatial axis representing the columns 
of the matrix M and the frequency or time axis representing 
the roWs of the matrix M. 
As described here above, the reference vector received at a 

reception antenna, modi?ed by the transmission channel, can 
be Written in the form r:Xh+n, Where h corresponds to a 
modeling of the transmission channel and n is a Gaussian 
White noise vector. 

This received reference vector can also be Written in vector 
form: 

Once again, for each of the reception antennas, it is sought 
to estimate the transmission channel h by the application, to 
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the received reference vector, of a mathematical transforma 
tion by a decoding matrix, corresponding to the inverse 
matrix integrating a technique of equaliZation in the sense of 
the MMSE or ZF criterion of the encoding matrix M. 

In the case of an MMSE criterion, We get: 

This operation is reiterated identically for each reception 
antenna, Whatever the number of antennas. It is thus possible 
to determine the coef?cients hc of a transmission channel at a 

frequency c or at a de?ned instant c, and all that remains to be 

done is to apply a time and/or frequency interpolation at the 
receiver betWeen the estimates of hc and hc+k (With kIAf 
should c be a frequency and kIAt should c be an instant) in 
order to assess the missing values. Thus, comprehensive 
knowledge is obtained of all the values of a transmission 
channel for each of the antennas, thus making it possible to 
equaliZe the reception signal conventionally. 

According to this second embodiment, it is possible to 
extend this estimation technique to systems having more than 
tWo transmit antennas. 

Thus, if We consider the vector of reference symbols [x1 
x2 . . . xn], the encoding matrix M that is associated With it by 

means of the encoding function is: 

where xi is a reference symbol, With i as a relative integer 

léiéN, and N:n2. 
This is a full-ranking matrix so that it can be inverted 

during the estimation of the different channels. 

As described here above, the reference symbols of the 
encoding matrix M are transmitted after space/ frequency dis 
tribution on all the transmit antennas, and the reference vector 
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received at a reception antenna, modi?ed by the transmission 
channel, can be Written in the form: 

Once again, for each of the reception antennas, the received 
reference vector receives the application of a mathematical 
transformation by means of a decoding matrix, correspond 
ing to the inverse matrix integrating a technique of equaliZa 
tion in the sense of the MMSE or ZF criterion of the encoding 
matrix M in order to estimate the transmission channel h. 

If an equalization technique in the sense of the MMSE 
criterion is used, We get: 

With y the signal-to-noise ratio. 
As described here above, it is then possible to determine the 

missing coef?cients of the transmission channel by applying 
a time or frequency interpolation (or both) to the receiver in 
using a classic technique of interpolation. 

Referring to FIGS. 3A and 3B, We noW present a third 
embodiment of the invention that can be applied more par 
ticularly to MIMO type multi-antennas systems. 

In this third embodiment, a ?exible principle is proposed 
for the application of either a space-time encoding or a space 
frequency encoding, depending on the characteristics of the 
transmission channel. 

Thus, FIG. 3A illustrates the transmission of four reference 
symbols and their conjugates temporally spaced out, in a 
multi-antenna system With four transmit antennas with X 
being a reference symbol referenced 15, Xl-* a conjugate 
reference symbol (i a relative integer and léié4), x a data 
symbol, referenced 16. 

FIG. 3B illustrates the transmission of four reference sym 
bols and their conjugates spaced out frequentially, in a multi 
antenna system With four transmit antennas. 

In this third embodiment, the reference symbols, once 
encoded by means of the encoding matrix M, are distributed 
along the time axis or frequency axis according to the prop 
erties of the propagation channel. 

It is then possible to sWitch from a space-time encoding to 
a space-frequency encoding. 

It may be recalled that the values chosen for Af (spacing 
betWeen tWo reference carriers) and At (spacing betWeen tWo 
reference symbols at knoWn instants) are not proper to the 
proposed system but depend respectively on the band and 
time of coherence of the transmission channel. 
As a general rule, the distribution in the time domain is 

applied rather in the case of the channel that varies temporally 
While the frequency distribution is applied more to a channel 
that varies frequentially. 

Thus, With a priori knowledge of the channel or having 
computed the values of the coherence band or the coherence 
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12 
time of the channel, it is possible to sWitch betWeen the tWo 
structures of insertion of reference symbols described here 
above. 

Those skilled in the art Will easily extend the teaching of 
these three embodiments to systems having a greater number 
of antennas, as Well as to systems having a space-time distri 
bution and/ or a space-frequency distribution different from 
those proposed in FIGS. 1A, 1B, 2A, 2B, 3A and 3B. 

Thus, according to an embodiment of the invention, the 
different transmit antennas transmit, on a same carrier and at 
a same instant, a signal characterized by a space-time encod 
ing and/or space-frequency encoding, thus limiting the loss of 
spectral ef?ciency. 

This signal therefore intrinsically comprises the character 
istics of an embodiment of the invention. 

Finally, a receiver may estimate each of the transmission 
channels betWeen the different transmit and reception anten 
nas on the basis of this speci?c encoding and of the appropri 
ate processing described here above. The particular channel 
estimation technique proposed according to an embodiment 
of the invention may therefore be applied in the case of a 
system having tWo transmit antennas. 
An embodiment of the invention provides a technique for 

the estimation of transmission channels in a multi-antenna 
system implementing more than tWo transmit antennas. 
An embodiment of the invention proposes a technique of 

this kind that is more e?icient and performs better than the 
prior-art techniques While having loWer complexity. 
An embodiment of the invention provides a technique of 

transmission of a signal comprising reference symbols imple 
menting a space-time encoding and/or space-frequency 
encoding matrix. In particular, an embodiment of the inven 
tion provides a unit-rate encoding matrix. 
An embodiment provides a technique of this kind that is 

adapted to MISO or MIMO type multi-antenna systems for 
single-carrier or multi-carrier type modulations combined 
With the different techniques of multiple access, namely 
CDMA (Code Division Multiplex Access), FDMA (fre 
quency division multiple access) or TDMA (time division 
multiple access). 
An embodiment of the invention proposes a technique of 

this kind that can be used to augment the spatial diversity of 
the systems While at the same time reducing interference 
betWeen the different transmission channels to the minimum 
and limiting the loss of spectral e?iciency. 

In other Words, an embodiment of the invention provides a 
technique of this kind that can be implemented in a practical 
and loW-cost manner in a system implementing a large num 
ber of antennas. 

Although the present disclosure 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 disclosure. 
The invention claimed is: 
1. Method of estimation of the transmit channels in a multi 

antenna system implementing n transmit antennas, Where n is 
strictly greater than 2, and at least one reception antenna, 
according to Which n vectors to be transmitted respectively by 
each of said transmit antennas are associated With a vector of 
source data, by an encoding matrix M of rate equal to l, 
implementing reference symbols knoWn to at least one 
receiver and enabling this receiver to estimate n transmit 
channels corresponding respectively to each of said transmit 
antennas, Wherein the method comprises: 

receiving a received reference vector, corresponding to a 
transmitted reference vector obtained by mathemati 
cally transforming reference symbols by said encoding 



US 7,725 ,091 B2 
13 

matrix M, and modi?ed by at least one transmission 
channel for each of said transmit antennas; and 

for each of said reception antennas, mathematically trans 
forming said received reference vector by a decoding 
matrix, Which is the inverse of said encoding matrix and 
takes account of the effect of a transmission channel 
associated With said reception antenna, to give an esti 
mation of the effects of said transmit channels on said 
reference symbols. 

2. Method of estimation according to claim 1, Wherein said 
decoding matrix is an inverse matrix integrating an equaliza 
tion in the sense of the MMSE or ZF criterion. 

3. Method of estimation according to claim 2, Wherein said 
criterion implemented is the MMSE criterion and said decod 
ing matrix is formed by the elements: 

MH 

With: 
r being the received reference vector; 
M the encoding matrix; 
I a unitary matrix; 
y the signal-to-noise ratio; 
H the conjugate transpose. 
4. Method of estimation according to claim 2, Wherein said 

criterion implemented is the ZF criterion and in that said 
decoding matrix is formed by the elements: 

With: 
r being said received reference vector; 
M said encoding matrix; 
H the conjugate transpose. 
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5. Method of estimation according to claim 1, and further 

comprising an interpolation step delivering an estimation of 
said transmission channels, for each of the source data, from 
the estimation of the reference symbols. 

6. Method of estimation according to claim 5, Wherein said 
interpolation step implements a temporal interpolation and/or 
a frequency interpolation. 

7. Method of estimation according to claim 5 Wherein said 
interpolation step belongs to the group comprising: 

linear interpolations; 
Wiener interpolations. 
8. Reception device in a multi-antenna system, implement 

ing n transmit antennas, Where n is strictly greater than 2, and 
at least one reception antenna in Which n vectors to be trans 
mitted respectively by each of said transmit antennas are 
associated With a vector of source data, an encoding matrix M 
of rate equal to l, implementing reference symbols knoWn to 
said receiver and enabling this receiver to estimate n transmit 
channels corresponding respectively to each of said transmit 
antennas, Wherein the reception device comprises: 

a receiver, Which receives a received reference vector, cor 
responding to a transmitted reference vector obtained by 
mathematically transforming reference symbols by said 
encoding matrix M, and modi?ed by at least one trans 
mission channel for each of said transmit antennas, and 

a decoder Which, for each of said reception antennas, math 
ematically transforms said received reference vector by 
a decoding matrix, Which is the inverse of the encoding 
matrix and takes account of the effect of a transmission 
channel associated With said reception antenna, to give 
an estimation of the effects of said transmit channels on 
said reference symbols. 

9. Reception device according to claim 8, Wherein the 
device forms or is integrated into at least one of the installa 
tions belonging to the group comprising: 

a base station; 
a terminal. 


