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DESCRIPTION

CHANNEL RE-ESTIMATION IN COMMUNICATION SYSTEMS

Field of invention

The present invention relates to the field of signal
transmission. In particular, the present invention relates to
orthogonal frequency division multiplexing (OFDM)

communication systems.

Art Background

Orthogonal frequency division multiplexing (OFDM) is
considered to be the key technological component of modern
and next-generation wireless systems. Efficient utilization
of the available bandwidth requires the receiver to perform
channel estimation. However, the state of wireless channel
can change rapidly, introducing thus some inaccuracy into the
estimated channel state information (CSI), which in turn

decreases the probability of successful data decoding.

Automatic repeat request (ARQ) is a standard technique used
in communication systems in order to implement reliable data
delivery. Hybrid ARQ denotes a combination of some forward
error correction method and retransmission protocol, which is

invoked if decoding of the received data fails.

In view of the above-described situation, there exists a
need for an improved technique that enables to improve
data decoding, while substantially avoiding or at least

reducing one or more of the above-identified problems.
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Summary of the Invention

The invention relates to methods and devices according to the
independent claims. Advantageous embodiments are described by

the dependent claims.

The probability of successful decoding of a data block
transmitted over a frequency selective channel depends on the
quality of the channel state information (CSI) available at
the receiver. The CSI quality can be characterized by the
mean squared channel estimation error (MSE). The method
described in the present invention report reduces the MSE,

improving thus the probability of successful data decoding.

According to a first aspect of the herein disclosed subject
matter, there is provided a method for operating a signal
receiver, the method comprising (i) receiving encoded signals
over a channel, (ii) if possible, decoding said encoded
signals by using available channel state information, thereby
generating successfully decoded signals, and (iii) performing
a channel re-estimation by taking into account at least part
of said successfully decoded signals as pilot signals,

thereby generating a re-estimated channel state information.

Herein, the term signals includes generally signals for
transmitting information, e.g. for transmitting payload data
and training signals. According to illustrative embodiments,
the term signals includes symbols of modulation schemes, a

plurality of which is known in the art.

The first aspect of the herein disclosed subject matter is
based on the idea that the mean squared channel estimation

error can be reduced at least in some constellations by
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considering the correctly decoded data signals (e.g. data

symbols) as pilot ones.

According to an illustrative embodiment,

the method according

to the first aspect further comprises re-equalizing the

encoded signals corresponding to not successfully decoded

signals by using the re-estimated channel state information.

According to a further illustrative
further comprises retrying decoding
have not been successfully decoded.
successfully decoded signals may be

retransmission.

According to a further illustrative

signals are data blocks obtained by

embodiment, the method
of encoded signals which
Hence the number of

increased without

embodiment, the encoded

orthogonal frequency

division multiplexing (OFDM) which uses a plurality of

subcarriers.

Channel re-estimation may be performed in a number of ways.

According to a further illustrative

re-estimation is performed by using

embodiment, the channel

least square estimates of

a subcarrier transfer factor of said plurality of

subcarriers. According to a further

illustrative embodiment,

the method further comprises said channel re-estimation is

performed by using a minimum mean squared error estimate of a

subcarrier transfer factor of said plurality of subcarriers.

According to a further illustrative

embodiment, the method

further comprises performing said channel re-estimation by

using a submatrix of a (full) discrete Fourier transform

matrix. In an illustrative embodiment, said submatrix

consists of L + 1 columns and rows 71{,72,...,7, T1,T2,...,Tm.- Herein, L

is a duration of a channel impulse response, e€.g. in
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multiples of a symbol duration. m¢,m,...,m denote the pilot
subcarriers of said plurality of subcarriers used for
transmitting pilot symbols, and 11,T2,...,Tm denote the
subcarriers of said plurality of subcarriers on which the
successfully decoded data blocks have been received and which

are taken into account for channel re-estimation.

According to a further illustrative embodiment, the method
further comprises determining a matrix of reconstructed
symbols for each subcarrier of said plurality of subcarriers
and rotating the symbols on the diagonals of said matrix of

reconstructed symbols by predetermined rotation factors.

According to a second aspect of the herein disclosed subject
matter, a method for operating a signal transmitter is

provided, the method comprising (I) providing signals to be
transmitted in the form of a matrix of complex symbols, and
(IT) rotating said complex symbols on the diagonals of said

matrix so as to cause said matrix to be a full rank matrix.

Accordingly, having again regard to the first aspect, the
respective illustrative embodiment of a method according to
the first aspect further comprises rotating the symbols on
the diagonals of said matrix of reconstructed symbols by
predetermined rotation factors so as to apply the inverse
transformation of the transformation (II) of the second

aspect.

According to a further illustrative embodiment, rotating said
complex symbols comprises rotating said complex symbols so as
to reduce a sum over the inverse singular values of said

matrix of complex symbols.
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According to a further illustrative embodiment, the rotating
said complex symbols comprises rotating said complex symbols
so as to increase a determinant of said of said matrix of

complex symbols.

According to a still further illustrative embodiment, the
method further comprises providing a predetermined rotation
factor for each diagonal of said matrix of complex symbols
and rotating said complex symbols of each diagonal by the
respective predetermined rotation factor. According to a
further illustrative embodiment, each rotation factor is
determined by taking into account a plurality of possible
symbol combinations to be transmitted. For example, said
plurality of possible symbol combinations may be a
predetermined number of representative symbol combinations.
According to another example, the plurality of possible
symbol combinations includes all possible symbol
combinations. According to an embodiment, the matrix of
complex symbols to be transmitted is a sguare matrix.
According to a further embodiment, the matrix of complex

symbols to be transmitted is a non-square matrix.

According to a further illustrative embodiment, said
predetermined rotation factors are adapted to minimize a
maximum of a plurality of sums of which each sum is a sum
over the inverse singular values of a matrix corresponding to
a respective one of said plurality of possible symbol

combinations to be transmitted.

According to a further illustrative embodiment, said
predetermined rotation factors are adapted to maximize a
minimum of a plurality of determinants of which each

determinant is the determinant of a matrix corresponding to a
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respective one of said plurality of possible symbol

combinations to be transmitted.

For example, if the plurality of possible symbol combinations
include all possible symbol combinations, the latter

embodiment corresponds to an improvement of the “worst case”.

According to a further illustrative embodiment, the method
further comprises said transmitter having n transmit antennas

and a frame of transmitted symbols comprising [/ consecutive

symbols, where [>n. This corresponds to an nx/ matrix of
symbols to be transmitted within the frame. According to a
further illustrative embodiment, the method further comprises
partitioning said matrix of symbols to be transmitted within
a frame into submatrices with n columns and using each of
said submatrices as said matrix of complex symbols (i.e.
performing one or more of the respective, herein discloses
operations on said submatrices) in the case that the number
of transmitted symbols in a frame is larger than the number
of transmit antennas, [/[>n. Otherwise, according to a further
illustrative embodiment, if /=n, the matrix of symbols to be
transmitted is directly used as said matrix of complex

symbols.

According to a third aspect of the herein disclosed subject
matter a receiver for receiving signals over a channel is
provided, the receiver being configured to carry out the
method according to the first aspect or an embodiment
thereof. According to an illustrative embodiment, the
receiver comprises a controller for carrying out the method

according to the first aspect or an embodiment thereof.
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According to a fourth aspect of the herein disclosed subject
matter a transmitter for transmitting signals over a channel
is provided, the transmitter being configured to carry out
the method according to the second aspect or an embodiment
thereof. According to an illustrative embodiment, the
transmitter comprises a controller for carrying out the
method according to the first aspect or an embodiment

thereof.

Although some aspects and embodiments of the herein disclosed
subject matter are disclosed with regard to a transmitter and
a receiver, regpectively, it should be noted that in the case
of bidirectional communication the respective entity (for
instance a user eguipment, e.g. a mobile station, or a
network, e.g. a base station) may have transmitter and
receiver capabilities. Hence each such entity may be regarded
as a transmitter and as a receiver according to the wording

used herein.

According to an illustrative embodiment, the predetermined
rotation factors are determined offline. For example, the
predetermined rotation factors may be implemented during
manufacture of a transmitter or a receiver. Further, the
predetermined rotation factors may be implemented in a
receiver or in a transmitter by way of a software update or a

firmware update.

According to an illustrative embodiment, the receiver and the
transmitter are components of a wireless system. According to
another illustrative embodiment, the receiver and the

transmitter are components of a wired system.

In the following there will be described exemplary

embodiments of the subject matter disclosed herein with
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reference to a method for operating a signal receiver and a
method for operating a signal transmitter. It has to be
pointed out that of course any combination of features
relating to different aspects of the herein disclosed subject
matter is also possible. In particular, some embodiments have
been described with reference to apparatus type claims
whereas other embodiments have been described with reference
to method type claims. However, a person skilled in the art
will gather from the above and the following description
that, unless other notified, in addition to any combination
of features belonging to one aspect also any combination
between features relating to different aspects or
embodiments, for example even between features of the
apparatus type claims and features of the method type claims

is considered to be disclosed with this application.

The aspects and embodiments defined above and further aspects
and embodiments of the present invention are apparent from
the examples and embodiments to be described hereinafter. The
invention will be described in more detail hereinafter with
reference to examples and embodiments but to which the

invention is not limited.

Brief Description of the Drawings

Figure 1 shows schematically a flowchart of a method
according to illustrative embodiments of the herein disclosed

subject matter.

Figure 2 shows the angular components (arg function) of

exemplary rotation factors ¢, ¥ and the respective minimum
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singular value W for QPSK modulation and different numbers

of transmit antennas (Tx antennas).

Figure 3 shows schematically a communication system including
a transmitter and a receiver according to illustrative

embodiments of the herein disclosed subject matter.

Figure 4 shows the performance of an ARQ system with channel
re-estimation in terms of throughput over signal to noise

ratio Eg/Np.
Figure 5 shows the performance of an ARQ system with channel

re-estimation in terms of MSE gain over signal to noise ratio

E./No.

Detailed Description

The illustration in the drawings is schematic. It is noted
that in different figures, similar or identical elements are

provided with the same reference signs.

In order to facilitate understanding of aspects and
embodiments of the herein disclosed subject matter, a
conventional method for channel estimation is given. In an
exemplary example a wireless multipath channel is considered.

The received signal »; can be represented as

¢, i=j

L
r=)>5_h +ﬁi9 ﬁz‘ ~ N(0, 02): E[hzh*] = .
kz_(; k / 0,i#j

where s; are the transmitted time-domain symbols and A are

channel impulse response taps. 7, denotes some noise which is
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defined as proportional to the normal distribution around
zero with noise variance o’. E[] denotes the expectation
value. ¢ is the autocorrelation function of the channel

impulse response.

If OFDM is used, the received signal R, on each subcarrier

can be represented as

n=1
R=HS +n; H =Y ho', o=exp(-j27/n), i=0..n-1,

j=0

Again, §, are the transmitted time domain symbols. It can be

seen that the received signal depends on unknown channel
impulse response. However, its length L is usually much
smaller than the number of subcarriers mn. This allows one to
transmit some fixed training symbols on subcarriers

T, 7y, ..., T, Obtain least squares estimates of subcarrier

. -1
transfer factors for these subcarriers as H, =R S, , where §,

is the pilot signal, and perform interpolation as

(Hy,...,H, )=

. * . w -1 ~ ~
= Fo,diag(gs . ;) Fp, (FPLdZag(¢029---7¢L2)FPL +O-21) (Hnla---aHnP) (1)

where Fo is the submatrix of DFT matrix consisting of first
L+] columns, and Fpy is the DFT submatrix consisting of rows
Ty Tyy .y T, and first L+] columns. The full N XN DFT matrix

is given by
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0 0 0 0 0
W W W W W
N-1
wow wiwtw

2(N-1
w’w? whwe WP

WO anl W 2(N-1) W3(N71)m W(N—I)(N—I)
where W/zexp( 2ﬁJfN) j=-1 and N is the number of subcarriers

in the OFDM system. The number of pilot subcarriers [ and the
values of the training symbols are usually fixed. The
accuracy of the obtained channel estimated can be

characterized by mean squared error, which is defined as

1

n;

2

It depends on the number of pilot subcarriers [, channel
impulse response duration L, its autocorrelation ¢@)=¢,

and signal-to-noise ratio. In general, increasing the number
of pilot subcarriers reduces MSE, but leaves less space for

transmission of the payload data.

This approach can be extended to the case of multiple
antennas at the transmitter and receiver. In this case
subcarrier transfer factors H; become mxn matrices, where m
and n are the number of antennas at the receiver and
transmitter, respectively. Obtaining an estimate for them
requires, in general, transmitting more than one training

symbol over each pilot subcarrier, i.e. S%should be an nxs

matrix. It is strongly desired to impose orthogonality

constraint on rows of this matrix in order to avoid noise
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amplification in least squares estimate H,Z =R S. , where S,

is the pseudoinverse of S%.

Implementing reliable data delivery over a wireless link
requires to employ ARQ, i.e. transmit some additional
redundancy if the receiver is not able to recover the
transmitted data from the received signals. In the simplest
case this can be a repetition of the original data, but more
sophisticated implementations are also possible. In many
cases it is beneficial to employ multi-channel ARQ, i.e.
transmit symbols corresponding to different data units within
the same OFDM symbol, and perform retransmissions for them

independently.

The standard way to implement the receiver for an OFDM system

with ARQ is as follows:

1. Perform channel estimation

2.Use the obtained CSI to perform equalization of the
received signals

3. Try to decode the received data blocks

4. If decoding fails, send negative acknowledgement to the

transmitter.

The problem addressed by illustrative embodiments of the
herein disclosed subject matter is reducing the channel

estimation error in MIMO-OFDM systems with multi-channel ARQ.

It is a common situation in a multi-channel ARQ system, where
some of the data blocks received within the same OFDM symbol
(or group of [ consecutive symbols denoted by frame) are
decoded successfully, while others fail, requiring thus

sending negative acknowledgement and waiting for additional
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redundancy. It may happen that this failure is caused by

imperfect channel state information and poor equalization.

The quality of channel state information may be improved by
increasing the number of subcarriers used in the
interpolation formula (1). In accordance with illustrative
embodiments disclosed herein, correctly decoded data symbols
are considered as pilot ones. An illustrative embodiment of
the method performed at the receiver is depicted in the
flowchart in Fig. 1. Hence, the receiver employs the
following algorithm, wherein each frame consists of [/ OFDM

symbols:

1. Perform channel estimation using equation (1)

2.Use the obtained CSI to perform equalization of the
received signals

3. Try to decode the received data blocks. If decoding is

successful for all of them, stop.

4. Compute least-squares estimates EﬂizRﬁgj for the
subcarriers 7, ..., corresponding to the correctly
decoded data symbols. Here §, is a nx] matrix consisting
of reconstructed symbols, which were transmitted on
subcarrier 1, S: is the /xm matrix such that Sy$le,

and R, is the mx/ matrix corresponding to the signals

received on this subcarrier, and />n is assumed.

5. Perform channel re-estimation using the expression

(H,,..H, )=
. * . 1 ~ ~
= Foydiag(fy ... ) Foy (F diag (@ .8 )Fy, +0°1) (H, . H, H, o H, )

1
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where Fpr is the submatrix of DFT matrix, consisting of
first L+/ columns, and YOWS M, T2, «« Ty T1sT2r e oo, T 1D
the appropriate order.

6. Use the obtained CSI to perform re-equalization of the
received signals, corresponding to failed data blocks

7. Retry decoding of failed data blocks

8. Send negative acknowledgements for those data blocks,

which are still not decodable.

Steps 4-7, which constitute the difference of the proposed
method with respect to the standard one, can be performed
iteratively. However, it has been found that in practice this
does not provide considerable gain in most cases. The
approach requires that each subcarrier within a frame is
occupied by at most one retransmission unit, since otherwise

some elements of §, may be unknown due to decoding errors.

It is possible to reduce the computational complexity by
considering only at most U correctly decoded data blocks in

(2), wherein U is a predetermined number.

Invoking steps 4-7 increases frame processing time. Since
this happens only for some frames (i.e. those where not all
data blocks are decoded correctly), the amount of time needed
by the receiver to process each frame may vary significantly.
This is a characteristic of the channel re-estimation

methods.

One problem with the approach in steps 4-7 is that for n>1
there exist combinations of symbols, such that the matrix S;
does not exist. For example, this happens if all elements of
S, are the same. Even if inverse of the transmitted symbol

matrix does exist, the norm of the estimation error is
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proportional to the norm of S:, which may be quite high.
This problem can be mitigated by replacing the LS estimate
with MMSE estimate, i.e. fﬂf:RﬁSf(S;Sf—+ollyl. This approach
can be considered as an instance of Tikhonov regularization.

However, it still fails in the high-SNR region, where the

noise variance o’ is small.

According to an illustrative embodiment, this problem is

avoided by ensuring that the matrix §, of symbols transmitted

over each subcarrier is always a full-rank one. For the sake
of simplicity, assume that /=n. Furthermore, the subcarrier
index will be omitted. Let S$i11,..,5m be the symbols (drawn from
e.g. QPSK constellation) to be transmitted. The actual

signals being transmitted are constructed as

sy S12 S V181
S .85, e WS Son
S=| .. .. |, where |¢l=Iwyl=1,
St WartSuotn o ButSutat et
L Sz S S 0.5,

i.e. the symbols on the diagonals of the matrix are rotated.
While in the depicted illustrative embodiment the matrix S is
a square matrix, it should be understood that this is not
necessarily the case. According to a further illustrative
embodiment, the number of columns (i.e. the frame duration)
is not less than the number of rows (i.e. the number of

transmit antennas).

The rotation factors ¢, ¥ are selected as a solution of the

following optimization problem:
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g 1
(4, ;) = argmin max
’ vy ;/uk(sij)
Here (s;) denotes the k-th singular wvalue of S. The

objective function of this optimization problem is equal to
the worst-case norm of S'. According to another illustrative
embodiment, the above optimization problem is replaced with a
maximization of the determinant of S, which is

computationally easier.

The described problem is a non-convex one, but can be solved
by running standard numeric optimization algorithms with
different starting values. Optimized constellation rotation
factors are shown in the table of Fig. 2. In particular, Fig.

2 shows the angular components (arg function) of the rotation

factors ¢, ¥ and the respective minimum singular value u; for
OPSK modulation and different numbers of transmit antennas

(Tx antennas).

If frame duration [ exceeds the number of antennas, one can
partition matrix § into a number of submatrices with =n
columns, and apply the described transformation to each of

them.

The receiver determines from the received signals a matrix of
reconstructed symbols for each subcarrier of said plurality
of subcarriers and rotating the symbols on the diagonals of
said matrix of reconstructed symbols by predetermined
rotation factors. Herein, the predetermined rotation factors
at the receiver side implement the inverse transformation
compared to the symbol rotation at the transmitter. Hence,

according to an illustrative embodiment, the predetermined
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. 1 .
rotation factors at the receiver are — and — . The rotation
¢ Z
factors implemented on the receiver side are also referred to

as inverse rotation factors in the following.

It should be noted that the proposed method does not affect
neither the distance properties of the signal constellation,
nor the power of the transmitted signal. If constellation

rotation (e.g. symbol rotation) is used, constellation

rotation factors ¢ , ¥ must be published to ensure system

interoperability.

Fig. 3 shows in a schematic manner a communication system 100
having a transmitter and a receiver 1in accordance with
illustrative embodiments of the herein disclosed subject

matter.

The communication system comprises a mobile station 102 and a
base station 104 in communication over a wireless channel
106. In the depicted exemplary constellation (uplink), the
mobile station 102 acts as a transmitter 108 and the base
station 106 acts as a receiver 110. However, it should be
understood that for the downlink (not shown), the mobile
station 102 acts as a receiver and the base station 104 acts
as a transmitter. The mobile station 102 has a controller 112
for performing methods according to aspects, illustrative
embodiments and examples of the herein disclosed subject
matter. Further, the mobile station has a storage 114 for
storing symbol rotation information 116, e.g. the rotation
factors ¢, y. Likewise, the base station 104 has a controller
118 for performing methods according to aspects, illustrative

embodiments and examples of the herein disclosed subject
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matter and further comprises a storage 120 for storing symbol

rotation information 122.

In the uplink, the mobile station 102 performs symbol
rotation as described above (e.g. according to the first
aspect of the herein disclosed subject matter). The base
station (which acts as receiver in the uplink) performs the
inverse transformation and considers at most U correctly
decoded symbols as pilot ones, as discussed above in detail
(e.g. according to the second aspect of the herein disclosed

subject matter).

The rotation information 116, 122 stored in the storages 114,
120 of the transmitter and the receiver may include the
rotation factors ¢, ¥, the inverse rotation factors (@), (v~
or both. If one of the rotation factors or the inverse
rotation factors is not stored in the receiver/transmitter
these non-stored factors may be calculated from the stored
rotation information by the receiver/transmitter, i.e. by the

mobile station or by the base station.

According to an illustrative embodiment, at least one of the
rotation factors and the inverse rotation factors are
published in the protocol specification of the protocol used

by the transmitter and the receiver.

In order to prove the advantages of the proposed method in an
exemplary example, the described channel re-estimation
algorithm was applied in an MIMO-OFDM system with multi-
channel stop-and-wait type-II hybrid ARQ based on (960,480)
LDPC code and QPSK modulation. However, it should be noted
that this constellation is used only for illustrative

purposes and that any other coding scheme and ARQ protocol
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can be used here. CRC-32 checksum was appended to each data
block before encoding with LDPC code. Each codeword was
partitioned into six blocks, which were considered as
retransmission units. 64 out of 1024 OFDM subcarriers were
reserved for transmission of pilot signals. /=4 consecutive
OFDM symbols were grouped into a frame. Walsh-Hadamard
sequences of length four (4) were transmitted on pilot
subcarriers. The symbols corresponding to different
retransmission units and different ARQ channels were
interleaved and mapped onto non-pilot subcarriers. Exact LLR

evaluation at the receiver was used.

Fig. 4 illustrates the performance of the proposed method.
Shown is the result of an exact logarithmic likelihood ratio
(LLR) evaluation with interleaving, /=4 and 8 ARQ channels.
A WSSUS channel model was used with L=50, the number of
antennas at transmitter and receiver was set to m=m=2. The
results are reported in terms of system throughput, which is
defined as the average number of payload data blocks
successfully transmitted within one frame. It can be seen
that channel estimation errors cause up to 3dB performance
loss compared to the case of perfect CSI. However, enabling
channel re-estimation (i.e. the number U of at most
considered correctly decoded data blocks is one or more, U>0)
provides up to 0.5dB performance gain. Furthermore, the above
described constellation rotation method provides additional

0.3dB gain in low-SNR region.

Fig. 5 illustrates similar results in terms of MSE gain,
which is defined as the ratio of mean squared channel
estimation error obtained with equation (1), and MSE after
channel re-estimation. It can be seen that the constellation

rotation provides quite significant gain compared to pure
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MMSE method, and the gain increases with the number of ARQ

channels U used for channel re-estimation.

According to embodiments of the invention, any component for
implementing a method according to aspects and illustrative
embodiments of the herein disclosed subject matter, e.g. for
symbol rotation at the receiver or symbol rotation at the
transmitter may be provided in the form of respective
computer program products which enable a processor to provide
the functionality of the respective elements as disclosed
herein. According to other embodiments, any these components
may be provided in hardware. According to other - mixed -
embodiments, some components may be provided in software

while other components are provided in hardware.

It should be noted that the term “comprising” does not

” W ”

exclude other elements or steps and the “a” or “an” does not
exclude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be

construed as limiting the scope of the claims.

In order to recapitulate the above described embodiments of

the present invention one can state:

A communication system having a transmitter and a receiver
communicating over a channel is described. The channel may be
a wireless or a wired channel. The estimated channel state
information can be improved by channel re-estimation while
taking into account correctly decoded symbols as pilot
symbols. Computational problems may be avoided by rotating
the symbols on the diagonals of the matrix of the symbols to

be transmitted so as to ensure that the matrix is a full-rank
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matrix. On the receiver side the symbol rotation is inverted,

thus yielding the original symbols.
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mean squared channel estimation error

orthogonal freguency division multiplexing

List of reference signs
100 communication system
102 mobile station
104 base station
106 channel
108 transmitter
110 receiver
112 controller
114 storage
116 rotation information
118 controller
120 storage
122 rotation information
List of abbreviations
ARQ automatic repeat request
CsI channel state information
DET discrete Fourier transform
LDPC low density parity check code
LLR logarithmic likelihood ratio
LS least squares estimate
MIMO multiple input multiple output
MSE
MMSE minimum mean sguared error
OFDM
SNR signal to noise ratio
QPSK quadrature phase shift keying
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CLAIMS:

1. Method for operating a signal receiver (110), the method

comprising:

— receiving encoded signals over a channel (106);

— 1f possible, decoding said encoded signals by using
available channel state information, thereby generating
successfully decoded signals;

— performing a channel re-estimation by taking into account
at least part of said successfully decoded signals as
pilot signals, thereby generating a re-estimated channel

state information.

2. Method according to claim 1, further comprising:

— re-equalizing the encoded signals corresponding to not
successfully decoded signals by using the re-estimated
channel state information;

— retrying decoding of encoded signals which have not been

successfully decoded.

3. Method according to one of claims 1 to 2, wherein
— the encoded signals are data blocks obtained by
orthogonal frequency division multiplexing (OFDM) which
uses a plurality of subcarriers; and
— wherein said channel re-estimation is performed by using
least square estimates of a subcarrier transfer factor

of said plurality of subcarriers.

4. Method according to claim 1 or 2, wherein
— the encoded signals are data blocks obtained by
orthogonal frequency division multiplexing (OFDM) which

uses a plurality of subcarriers; and
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said channel re-estimation is performed by using a
minimum mean squared error estimate of a subcarrier

transfer factor of said plurality of subcarriers.

Method according to one of claims 3 or 4, further

comprising

6.

said channel re-estimation being performed using a
submatrix of a discrete Fourier transform matrix,
wherein said submatrix consists of L + 1 columns and
rows T1{,m2,...,7, T1,72,...,Tm,; wherein

L is duration of a channel impulse response

T{,72,..., denote the pilot subcarriers of said plurality
of subcarriers used for transmitting pilot symbols; and
11,12,...,Tm denote the subcarriers of said plurality of
subcarriers on which the successfully decoded data
blocks have been received and which are taken into

account for channel re-estimation.

Method according to one of claims 3 to 5, further

comprising:

7.

determining a matrix of reconstructed symbols for each
subcarrier of said plurality of subcarriers;
rotating the symbols on the diagonals of said matrix of

reconstructed symbols by predetermined rotation factors.

Method for operating a signal transmitter (108), the

method comprising:

providing signals to be transmitted in the form of a
matrix of complex symbols;

rotating said complex symbols on the diagonals of said
matrix so as to cause said matrix to be a full rank

matrix.
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Method according to claim 7, wherein rotating said complex
symbols comprises rotating said complex symbols so as to
reduce a sum over the inverse singular values of said

matrix.

Method according to claim 7 or 8, wherein rotating said
complex symbols comprises rotating said complex symbols so

as to increase a determinant of said of said matrix.

Method according to one of claims 8 or 9, further

comprising:

- providing a predetermined rotation factor for each
diagonal of said matrix;

- each rotation factor being determined by taking into
account a plurality of possible symbol combinations to
be transmitted;

- wherein rotating said complex symbols comprises rotating

said complex symbols of each diagonal by the regpective

predetermined rotation factor.

Method according to a combination of claim 10 and claim

8, wherein said predetermined rotation factors are adapted
to minimize a maximum of a plurality of sums of which each
sum is a sum over the inverse singular values of a matrix

corresponding to a respective one of said plurality of

possible symbol combinations to be transmitted.

Method according to a combination of claim 10 and claim
9, wherein said predetermined rotation factors are adapted
to maximize a minimum of a plurality of determinants of
which each determinant is the determinant of a matrix
corresponding to a respective one of said plurality of

possible symbol combinations to be transmitted.
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13. Method according to one of claims 7 to 12, further
comprising:

— gsaid transmitter (108) having n transmit antennas;

— a frame of transmitted symbols comprising 1 consecutive

5 symbols, where 1 > n, thus corresponding to an n x 1
matrix of symbols to be transmitted within the frame;

— partitioning said matrix of symbols to be transmitted
within a frame into submatrices with n columns and using
each of said submatrices as said matrix of complex

10 symbols in the case that the number of transmitted
symbols in a frame is larger than the number of transmit

antennas , 1 > n.

14. Receiver (110) for receiving signals over a channel
15 (106), the receiver (110) being configured to carry out the

method according to one of claims 1 to 6.

15. Transmitter (108) for transmitting signals over a channel
(106), the transmitter (108) being configured to carry out

20 the method according to one of claims 7 to 13.
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