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The invention relates to an equalisation and reception method and system for a signal
transmitted according to Alamouti block coding in the presence of potential interference.

It applies to MIMO (multiple input, multiple output) receive systems, in radiocommuni-
cation fields. It is for example implemented in fourth- and fifth-generation (4G and 5G) civil com-
munication networks.

Radiocommunication systems are heavily affected by fading, which may cause variations
of the received signal from a few dB to a few tens of dB over wavelength scales. To mitigate this
effect, it is particularly advantageous to make use of spatial diversity on reception by using an array
composed of several antennas which receive uncorrelated fading states. A large number of SIMO,
single input, multiple output, processing treatments, making use of spatial diversity on reception,
both in the absence and in the presence of interference, have been described in the literature, for
example in patent applications FR1502720, FR1601894 and FR9514914.

Spatial diversity may also be present on transmission and numerous multiple input, single
output, or MISO, and multiple input, multiple output, or MIMO, systems allowing it to be exploited
by using a transmission coding scheme have been described and studied in the literature.

Among these schemes, the spatial multiplexing of independent binary trains makes it pos-
sible to simultancously transmit, for constant power and band with respect to a reference single
input, single output (SISO) system, several independent binary trains that are multiplexed spatially
according to the state of the propagation channels between the transmit and receive antennas. The
separation of the binary trains on reception is performed spatially and ideally requires orthogonality
of the associated propagation channels. For this reason, this technique is well suited to environ-
ments with substantial interference, having many reflectors. In particular, a MIMO system with K
antennas for transmission and reception allows the spatial multiplexing of K independent binary
trains and provides a transmission rate that is K times higher than that of a SISO system for constant
band and emitted power. The drawback of these systems is that they are adapted for transmissions
with a high signal-to-noise ratio so that the optimisation of the rate is effective.

When the objective of MIMO processing is primarily to obtain an increase in range for
constant emitted power or a decrease in emitted power for constant range, another coding scheme
more suited to the needs has been defined in the literature: the coding scheme described by
Alamouti in the reference "A simple transmit diversity technique for wireless communications”,
IEEE Journal on Selected areas in Communications, Vol 16, No 8, pp. 1451-1458, Oct. 1998. This
scheme is particularly advantageous, since it allows full exploitation of spatial diversity on trans-
mission, with limited computing power. It is based on two transmit antennas, but other schemes
based on the same principle may also be envisaged for a larger number of antennas. The Alamouti
coding scheme may be used directly on channels with flat fading for a series waveform WF or on
channels with selective fading (i.e. with multipaths generating intersymbol interference IST) with a
parallel WF. The drawback of a parallel WF is that it has a ratio of the amplitude of the peak of the
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signal to the effective value of the signal, or PAPR, that is high, which leads to a non-negligible
loss in transmit power with respect to a series WF.

In order to allow the principle of Alamouti coding to be used in the presence of selective
fading for a series WF, the Alamouti block coding scheme, which is an extension of the coding
scheme disclosed by Alamouti, has been described for example by S. ZHOU, G. GIANNAKIS in
the reference "Single-Carrier Space-Time Block-Coded Transmissions over Frequency-Selective
Fading Channels", IEEE Trans. on Info. Theory, Vol 49, Nol, pp. 164-179, Jan. 2003.

In the absence of interference, the article by Zhou and Giannakis describes MISO and
MIMO processing treatments that allow the reception of the signal transmitted according to
Alamouti block coding.

In the presence of interference, the current solutions use a whitening method, described in
the literature for SIMO processing treatments, which may also be used for MIMO processing: after
estimating R, the total noise correlation matrix (noise + potential interference), the signal is filtered
by the matrix B2, the inverse of the square root of R. With x(n) the vector of the signals received
at the sampling time », what is obtained at output is thus the signal p(n) = R">x(n). Since the total
noise correlation matrix present in y(r) is equal to the identity, the influence from the interference
has been removed and MIMO demodulation in the absence of interference may be implemented.
The drawback of this solution is that it is expensive in terms of computing power. One of the ob-
jectives of the present invention is to perform the reception of a signal transmitted with the
Alamouti block coding scheme in the presence of potential interference with lower computing
power.

Alamouti block coding consists in transmitting a series of payload symbols according to
the scheme described in Figure 1. In this scheme, the symbols are transmitted in groups of two

blocks of Lp474 symbols with the following notation:

s(i) is the it block of symbols to be transmitted:
sti) = [sth. Lpara) S Lpara + 1) . U Lpara * Lpara- DY

where s(n) is the »™ symbol to be transmitted, and

with the adoption of the following convention: the quantitics in bold lower-case italics are
vectors and the quantities in lower-case italics are scalars.

P is a cyclic permutation matrix, with time reversal, which is introduced in order to make
possible processing on reception. There are Lp4rs permutation matrices, defined by the following
relationships on the blocks of symbols: P [a(0), ..., a(Lpars - D] = [a(), ..., a(0), a(Lpars - 1),
. am+ D).

The use of this coding scheme entails two constraints on the design of the waveform: The
stage has to contain an even number of blocks of payload data for the coding to be carried out,

The channel has to be stationary or near-stationary over two consecutive blocks, i.c., the

channel varies "little" over the two blocks.
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In order to be able to demodulate transmitted symbols, the receiver has to be able to per-
form the synchronisation and the estimation of the propagation channel between each transmit path
and each receive path. To this end, training sequences, or reference REF sequences, formed of Lrer
symbols, corresponding to sequences of symbols known on transmission and on reception, are
transmitted over each transmit antenna. These sequences are denoted by di(n), fork=12andn=1,
... Lrer - 1, with k the number of the transmit antenna. Each of these sequences is preceded by its
own cyclic prefix CP of size Lcp.

A straightforward way to synchronise would be to transmit, alternately, such a training
sequence over each receive path, according to the scheme of Figure 2. However, this solution, while
it prevents the training sequences REF,, REF,, each preceded by their cyclic prefix CP,, CP; and
transmitted by each of the two antennas Tx,, Tx», from interfering with one another, has the draw-
back of decreasing the useful rate. It is preferable to simultancously transmit two different se-
quences REF;, REF; over the two antennas Tx;, Tx» according to the scheme of Figure 3. In order
to optimise the performance of the system, it is advantageous, if possible, to obtain zero autocorre-
lation over the length of the size of the cyclic prefix CP for the two sequences:

Eldiy(n)d,(n—m)*] =0fork=12etm =0,...,L¢p
and zero autocorrelation over the length of the size of the cyclic prefix between the two

sequences:

Eld,(m)dy(n ~m)'] = Of m =0, .., Lep.

or

In one embodiment, the training sequences di(n) transmitted over each of the two antennas
are advantageously formed on the basis of a CAZAC (Constant Amplitude Zero AutoCorrelation)
sequence d(n) of length Lrzr according to the scheme of Figure 4: the sequence REF; transmitted
over the first antenna Tx;, denoted by d;(x), is equal to d(») and the sequence REF, transmitted
over the second antenna Tx,, denoted by dz(r), is equal to the sequence d(r) cyclically shifted by a

value L.

{2 (0), o dollgge ~ D = [d{Ly), o d(lpge ~ 13, d(0), .., d{L, ~

Throughout the rest of the description, a cyclic shift is chosen that corresponds to half of
the length of the REF sequence: L. = Lrer/2.

An object of the invention is therefore to propose an equalisation and reception method
for a signal in the presence of potential interference, transmitted according to Alamouti block cod-
ing or similar coding, that is inexpensive in terms of computing power.

FR 3046311A discloses a method for receiving a signal comprising a training sequence
formed of known symbols and a payload sequence. The method relates essentially to the calculation
of a noise correlation matrix and of interferers with very reduced complexity in order to improve

an anti-interference multipath equalisation method.

Hereinafter, the following notation will be used:

I8}
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K.: the number of transmit antennas,

K,: the number of receive antennas,

Nrer: the number of reference sequences in the stage (Nrer> 1),

Lep: the number of symbols of the cyclic prefix CP used on each reference REF sequence
and each payload data DATA sequence,

Lrer: the number of symbols of the reference REF sequence to which must be added Lcp
symbols for the cyclic prefix CP. The total size of the REF sequence is equal to Lrrr+ Lep,

Lpar4: the number of symbols of the DATA blocks (to which must be added the cyclic
prefix CP),

IR denotes a channel impulse response (frequency or time IR, depending on clarifications
made each time in the description).

The invention relates to an anti-interference equalisation and reception method for a signal
transmitted according to Alamouti block coding in a multipath system comprising at least one trans-
mitter with K, = two transmit paths and a receiver with K. receive paths, said signal containing at
least one training sequence formed of known symbols and at least one payload data sequence
formed of unknown symbols to be demodulated, containing at least the following steps:

- Synchronising, in time/frequency, the signals received by the receiver,

- Estimating the frequency impulse responses of the propagation channels that are
associated with each of the X, transmit paths,

- Estimating a total noise correlation matrix R(f),

- On cach receive path &, belonging to [/...K,] performing:

a discrete Fourier transform DFT on a first type of block of payload data 2i,
x'(2i)() = DFT(x(21)(n)) DFT, where x(2i)(n) is the signal vector received on the block 2i of length
Lpara, . f=0,..., Lpata- land n=0,..., Lp4r4-1, and

a conjugation operation, followed by a permutation by the cyclic permutation matrix P
with time reversal used for the Alamouti block coding performed on transmission and a discrete
Fourier transform DFT operation on a second block of payload data 2i + 1,

X'(2i + 1)(f) = DFT(Px*(2i + 1)(n)), where x(2i + 1)(n) is the signal vector received on the
block 2i + 1 of length Zp4r4

where * is the conjugation operator and the matrix P is a cyclic permutation matrix, with
time reversal, defined by the following relationship on a block of payload symbols a(xn) of length
Lpara:

P [a(0), ....,aLpata - D] = [a(n), ...,a(0),a(Lpata - 1), ...,a(n + 1)]), where there are Lparq
matrices P that are possible, each being defined by the first element a(n) of the output block of the

permutation by the matrix P, the same permutation matrix being used on transit and receive.
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it being understood that there are LDATA matrices P that are possible, each being defined
by the first element a(n) of the output block of the permutation by the matrix P. Each of these
matrices P may be used interchangeably, what matters is to use the same matrix on transmission
and on reception.

- Calculating weightings vectors we.(f) that are associated with each of the transmit
paths (k. = 1, .., Ke):

wy (f) = RO i, f)
L4288 he(NHR(N) ™ The(f)

with R(f)"! the inverse of the total noise correlation matrix, /() the vector containing the
frequency impulse responses of the propagation channel on the X, receive paths for the transmit
path k.

/=0, ..., Lpara - 1 index of the frequency,

- Performing a filtering on each frequency of the two blocks of payload data using
weightings we(f) for k. =1 and k. = 2

on the block 2i with:

V@O = wi(H) X' 2D + Wi X Qi+ 1),

f = {}, ..., L{}ATﬁ - 1’

>

H T
W1 being the conjugate transpose of the weighting vectork. = 1, bt being the transpose

of the weighting vector for k. = 2,
on the block 2i + 1 with:
y(2i + D) = wi (A 2’1 — wi(H) x' Qi+ DI

for

f=0 . lpira—1

(604), in order to estimate, respectively, the symbols corresponding to the block 2i and to
the block 2i + 1,

- Performing an inverse Fourier transform DFT-! operation on the signals y(2i)()
and y(2i + 1)(f) in order to obtain an estimate of the symbols transmitted, respectively, on the blocks
2i and 2i + 1 and decode the transmitted payload symbols.

For example, two consecutive data blocks 2i and 2i + / are used for coding on transmis-
sion and estimating the symbols on reception.

The method may further comprise a step of normalising the estimated symbols at the out-

put of the inverse Fourier transform DFT-! by means of a factor 1 defined by its estimate:

1 gipara—t _Ba T ROY i (DR (RO R (£
Lpara “F=0 VR PR T P il (NBRFYT (Y

=
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The step of decoding the symbols takes, for example, into account the value of the esti-

SNR ="

mated signal-to-noise ratio " obtained on each group of two blocks of symbols for the

calculation of the LLR likelihood ratios used in the decoding algorithm.

The training sequences may be independent sequences on the transmit paths.

For example, the frequency impulse response of the channel that is associated with each
transmit antenna k. and with each receive antenna k. for =0, ..., Lp4r4 - 1 is estimated by perform-
ing the following steps:

- Performing a discrete Fourier transform DFT of the received signal after synchro-
nisation on each REF sequence of index i, withi= 1, ..., Nrer, Nrer being the number of reference
sequences in a stage (Vrer> 1) for each receive antenna %,

Vi () = DF T|xw,{n)], where xy.(n) is the signal received on the receive path k. and the
sequence REF i, for ng <n <no + Lrer - 1 with no the synchronisation position, the indices » corre-
sponding to the time samples sampled at the symbol rate, with a << Lgzr— 1, where Lggr is the
number of symbols of the REF sequence,

- Precalculating the discrete Fourier transform DFT of the reference sequence trans-
mitted over the transmit antenna k&, for the REF block of index i,

with:

di, i (f) =DIFT |dy,(n) |

for 0 < /< Lrer— 1, diei(f) being the DFT of the reference sequence transmitted on the
transmit antenna k. for the REF sequence of index i;
- Performing a preliminary estimation of the frequency impulse response of the
channel:
Bor Lhm[f ) = Vi)

n’imﬁwi ‘ifwi”‘“
fOI'f: 0,~~~,LREF' 1,

- Performing a preliminary estimation of the time impulse response of the channel
on the basis of an inverse discrete Fourier transform, DFT-!, operation for each block REF of index
i, on each transmit antenna k. and on each receive antenna £,

prellm( ) DET -1 preltm( )
kE‘lkT'J ke kT‘l ]C
fOI‘I’l,f: 0,..., Lrer - 1,

- Decreasing the noise of the preliminary time impulse response and obtaining time

impulse responses associated with each transmit path by means of the following two steps:

o :
- Zero-forcing the time impulse responses of the channel kektd overa range for
which the responses do not contain any influence from the useful multipaths, aside from the size of
the CP:



f:tff:m{n} for n € [0 Lep + 6l U flpes — U Lpge — 1

Ay, ki) = { . ,
etrd ) (} f{il‘ n E |‘Lc_p + iﬁ + E;LE’EF - 1 - flE

where ip and i; are two positive or zero integers, Lep is the number of symbols of the cyclic
prefix CP used on each reference REF sequence and each payload data DATA sequence, and the

total size of the REF sequence is equal to Lrzr + Lep,

- For cach transmit path k. and for each receive path &, averaging the channel time
impulse responses obtained on each REF sequence over the Nrer sequences of the stage (in the case

where Nper > 1):

Nops
R {n} - Zl “Riﬁ‘ h& *!Vr f{n) e [G;LHEF - l}

NrEF for

- Determining the frequency impulse response of the channel, used to demodulate
the blocks of data by means of the following two steps:

- Applying a "zero-padding" operation to the averaged time impulse responses in
order to allow the interpolation of the impulse response from the length Lggr to the length Lz (in

the case where Lpars > Lrer):
( JIE“F {?E} i ;i,\ ;w(?ﬂ for = E\} L{_‘,p + fg}
532?‘ {"?} = § for = {Lﬂ; + J,J -+ 1; L_{; ATS T 3 - I.lg
g,zr xind = kiw {n o~ Lpara dlgee) for n= Upgrs > G lpgra ~ 1
with ZP: the zero padding (ZP),

- Estimating the impulse responses of the channel over the length Lp.474, denoted by

Biecinlf) using the Fourier transform of the "zero-padded" time impulse responses of the channel:

hiee () = TFDIREE, ) | o f =0,y Lpara = 1

R(f) =R

samples estimated on all of the training sequences:

jp—— ’h_’_f“”‘(En\ghhfm}biﬂn}”)

NRH«

The total noise correlation matrix may be estimated by using the noise

with the noise vector received for each sample 7 of each training sequencei =1, ..., Nrzer,
estimated on the samples of the preliminary time impulse response of the channel, associated with
one of the two transmit antennas corresponding to the noise samples n € [, = [Lep +Hio+ I

Lrer-1 -i1]1

bi(ﬂ_} = {ﬁl[(ll} bﬁ}wi (n)]", for n€ fi’) = [Lc_p + I; + :ljvﬂ;ggp ol l‘,d
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bi,i(n) = Ay ().

For example, CAZAC sequences are used for the training sequences, the second transmit
path transmitting the same sequence as the first path, after having applied a cyclic shift L, = Lggs/2.

To estimate the frequency IR of the channel that is associated with each transmit antenna
k. and with each receive antenna k. for /=0, ..., Lpar4 - 1, the following steps are performed, for

example:

- Performing a discrete Fourier transform DFT of the received signal after synchro-

nisation on ¢ach reference REF sequence associated with a block of data:
- §F£y — niral P S £ e e T T o
}k?‘“ o \aj } “E}FF A_-}‘-'Lr g{n & & in g & M R0 Tig + LpsFE

with #o the synchronisation position, the indices n corresponding to the time samples sam-

pled at the symbol rate, with 0 << Lggp - 1,

- Precalculating the discrete Fourier transform of the reference sequence transmitted

over the first transmit antenna for the block of index i:

- Performing a preliminary estimation of the frequency impulse response of the

channel:
) m sHim M
t,,“g (f) == W iﬁl f - {}s n.}LREF — Ia

- Performing a preliminary estimation of the time IR of the channel on the basis of

an inverse Fourier transform operation, DFT-!:

rm\!zm( ) = DFT~ llhiﬁ”‘“'ﬁ f}l for m,f =0, Lypp— 1

- Separating the time impulse responses of the channel corresponding to each trans-
prefim s
Pepi () R
mit path in the time impulse response ' and zero-forcing the time impulse re-
sponses of the channel over a range for which the responses do not contain any influence from the

useful multipaths, aside from the size of the cyclic prefix CP:



Ry for n € [0: Lep + ig)
hos (1) = 0 for  n€[lep+ o+ HEE 1~ 4]
aY “nm( +i§fﬁ) for nE {IREF i»_l,;i'if’f - 11
R (o4 HEEY gy nE0; Lep + ig]
Bty (M) = 0 for  n € |Lgp+ o+ 1;2BEE — g — i,
hﬂ*mm( n) for n e & rm« - il:Lﬁ.ﬁF ~1]

bl
&

- For each transmit path &. and for each receive path k,, averaging the channel time
impulse responses obtained on each REF sequence over the Nzgr sequences of the stage (in the case

where Nper > 1):

oy e 1L NpeF | £y
oty (W) = = Ly Pini (00 05 /2 - 1]
5 for

- Determining the frequency impulse response of the channel, used to demodulate

the blocks of data by means of the following two steps:

- Applying a "zero-padding" operation to the averaged time impulse responses in
order to allow the interpolation of the impulse response from the length Lzz#/2 to the length Lpaza

10 (in the case where Lpara > Lrer/2):
ke,k (n) = hy, 1, (n) for n = [0;L¢cp + il
ke kr(n) =0 for m=[Lep+ip+ LiLlpara—1—1i4]
ke kr(n) = Ry, (M — Lpara + Lrgr/2) for n=[Lpsrg — i;Lpara — 1
with ZP: the zero padding (ZP),
where iy and i1 are two positive or zero integers,

- Estimating the impulse responses of the channel over the length Lp474, denoted by
15 hie () using the Fourier transform of the "zero-padded" time impulse responses of the channel,

) =DFThEE, ()| for nf =0, .., Lpara — 1.

For example, the total noise correlation matrix R(f) = R is estimated by using the noise

samples estimated on all of the training sequences:

R=— f’ffF(Zmb tm)b!(mﬂ)

NREF
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With the noise vector received for each sample » of each training sequence i = 1, ..., Nrzr,
estimated on the samples of the preliminary time impulse response of the channel corresponding to
the noise samples for

nEdy s Lop+lg+ LA w1 iU [ L b dg 4 Llggr— 11y

bi(n) = by (n) ... b (M),

with
Brefin -
b () = W7 (),

The invention also relates to an anti-interference equalisation and reception system for a
signal transmitted according to Alamouti block coding in a multipath system comprising at least
one transmitter with K. = two receive paths and a receiver with K, receive paths, said signal con-
taining at least one training sequence formed of known symbols and at least one payload data se-
quence formed of unknown symbols to be demodulated, characterised in that the receiver contains
a processor connected to the receive paths and configured to perform the steps of the method ac-
cording to the invention. The system may be a 4G communication system.

Other features, details and advantages of the invention will become apparent from reading
the description, which is with reference to the appended drawings, which are given by way of non-
limiting example and which show, respectively:

[Fig.1] A reminder of the Alamouti block coding scheme,

[Fig.2] An example of reference sequences transmitted alternately over two antennas,

[Fig.3] An example of reference sequences transmitted simultancously over two antennas,

[Fig.4] An illustration of the formation of the reference sequences transmitted over the
two antennas on the basis of a CAZAC sequence,

[Fig.5] An exemplary architecture of a system for the implementation of the invention,

[Fig.6] A diagram of the processing of the signals on reception according to the invention,

[Fig.7] A figure illustrating steps 3 and 4, in the general case, for the construction of chan-
nel time IRs with resetting and "zero padding”, for each transmit path %, and each receive path %,

[Fig.8] A figure illustrating the construction of the channel time IRs in the case where the
reference sequences transmitted by the two transmit antennas are formed on the basis of a CAZAC
sequence according to the scheme of Figure 4,

[Fig.9] A figure illustrating, for a system comprising two transmit paths, the construction
of the channel time IRs with "zero padding” in the case where the reference sequences transmitted
by the two transmit antennas are formed on the basis of a CAZAC sequence according to the scheme
of Figure 4.

The following example is given by way of entirely non-limiting illustration for a MIMO

system comprising a transmitter 51 comprising at least two transmit antennas XK. referenced 511,



10

15

20

25

30

11

512 in the figure, and a receiver 52 comprising K, receive antennas represented by a block 521 for
the sake of simplicity. The receiver is equipped with a processor 523 that receives the information
received at the antennas and is configured to carry out the steps of the method detailed hereinafter.
The transmitted frame is formed, on cach stage, of a succession of blocks of payload data and of
reference sequences, denoted hereinafter by DATA and REF, respectively.

In order to prevent interference between blocks, a cyclic prefix CP, the length Zcp of which
is greater than or equal to the expected size of the propagation channel, is added to each data DATA
or reference REF sequence block transmitted, such that, on each block of symbols, the intersymbol
interference IST comes only from the symbols belonging to the block itself.

The method according to the invention relates to the processing of the information of the
signals at the receiver which receives a signal transmitted according to Alamouti block coding and
which, in the presence of potential interference, will perform, on each frequency, a twofold recom-
bination:

The first to take advantage of the spatial diversity on reception and to remove the influence

of the potential interference,
The second to take advantage of the spatial diversity on transmission.

The steps of processing the signals which will be described are carried out by the processor
of the receiver.

The first recombination involves an adaptive spatial filter for each frequency, and it is
therefore based on calculating the total noise correlation matrix R(f) (noise of the receiver and of
the interference) at each frequency. Since this matrix is difficult to estimate on each frequency, the
method according to the invention implements the total noise correlation matrix R ("average" cor-
relation matrix over all of the frequencies of the useful band), which may be estimated as described
hereinafter. The receiver thus implemented is optimal when the total noise is temporally white, i.c.,
R(H=R.

It is also possible to take into account the correlation matrices R(f) estimated on each

e,

B

frequency f, “or per block of frequencies.

One possibility for estimating the value of R is described in patent FR1502720 by adapting
it for the multiple input, multiple output, MIMO, processing treatment, as described below.

Figure 6 illustrates the anti-interference MIMO processing treatment implemented by the
method according to the invention.

The example is given for two consecutive DATA blocks, the block 21, 61, and the block
2i + 1, 62, of length Lp.z4. It is also possible to consider two non-consecutive, but close, data

blocks, such that the channel does not vary or varies little over the two blocks.
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In a prior step, the method will carry out a step of MIMO synchronisation in the presence
of potential interference, according to the methods described for example in patent FR1501813. At
the output of this step, the signal is sampled at the symbol rate.

Next, in a first step detailed below, the frequency IRs of the propagation channels % (/)
and /2 ,,(f) that are associated with the two transmit paths (antenna 511 and antenna 512) are esti-
mated independently on each receive path (antennas 521) k. = 1, ..., K, with /=0, ....Lpar4 - 1. The
channel vectors that are associated with the two transmit paths, containing the frequency IRs ob-
tained on the different receive paths, are denoted by:

N

R (f) = [ hig s (F) oo b, ()] for ke = 12 (1)

The total noise correlation matrix R is also estimated in this step detailed below.

In a second step, on each receive path %, the Alamouti block recombination preprocessing
treatment is performed on the signals from the two DATA blocks, according to the method de-
scribed for example in the aforementioned document by Zhou and Giannakis:

on the first block 2i: a discrete Fourier transform, DFT, operation 63:

DFT
o (283n) for n=0o0lpara — 1 — X L2 for =0 Lpsra — 1
on the second block 2i + 1: a conjugation operation, followed by a permutation by the
matrix P used for the Alamouti block coding performed on transmission 64 and a discrete Fourier
transform DFT operation 66:
DET
FX_;{ {LI + }_:} U’l), for n=0, .., LD:‘?TA 1 x’k {2}‘. + 1)“)

forf=0,...,Lpara- 1.

The third step, 60, consists in calculating weighting vectors we.(f) that are associated with
cach of the transmit antennas (k. =1 and k.=2), 601, 602, which will be used to perform the
Alamouti block recombination with anti-interference on each frequency of the two DATA blocks.
The value of the weighting coefficient is expressed as:

RUFY b (F) (@)
1y (P RGY Ry (R (OF R e ()

wi (f) =

The exponent [T] corresponds to the conjugate transpose.

hi(f) is a vector that comprises all of the channel estimates performed on the different
receive paths, for the transmitter of index k. with k., =1 and k. =2, according to equation
D) kel = Thie 1 (D, ... ke e H]E

The estimate of the signal-to-noise ratio SNR at the output of the Alamouti block recom-
bination performed at the end of the fourth and fifth step is obtained on the basis of the following

formulas:

{3)

2)
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5w L _elparaci Ry (RO Ry U BRI ™ e () 5)
LpaTa < F=0 1R (PR Ry (MR N R Ra (7}

5NE = ;L (6)

In a fourth step, the method will perform an Alamouti block recombination on each fre-

quency of the two DATA blocks using the weightings calculated in the preceding step:
603 - on the first block 2i:

Y@ = Wi X2 + Wi @i+ D, |

F=0 .. Lpgra=1(7)

LY

This recombination makes it possible to estimate the symbols corresponding to the block

2i
604 - on the second block 2i + 1:
y(20 + D) = wi(f) x(20(F) — wilf) x'2i + D), for
=0 . Loa—=1 (8
This recombination makes it possible to estimate the symbols corresponding to the block
2i+1.

Thus obtained, in the frequency domain, on each receive block, are the symbols transmit-
ted over one of the two blocks, by having put back into phase the different contributions corre-
sponding to the block in question by means of a twofold recombination of MRC (Maximum Ratio
Combining) type.

The first recombination performed with the weightings w.(f) makes it possible to put back
into phase the symbols received over each receive antenna, to thus make use of the spatial diversity
on reception, and to remove the influence of potential interference.

The second recombination, which consists in summing or subtracting the contributions
from the filtering by the weightings w.(f), makes it possible to put back into phase the symbols
from each transmit antenna and thus to make use of the spatial diversity on transmission.

At the output of the fourth step, thus obtained is the frequency-equalised signal corre-
sponding to the two processed data blocks. The fifth and sixth steps are identical to the steps in an
SC-FDE (Single Carrier Frequency Domain Equalisation) receiver which are known to a person
skilled in the art.

In a fifth step, an inverse discrete Fourier transform, DFT™, 65, 68 is applied to obtain the
(undecided) equalised symbols and normalisation by the factor 1 calculated in formula (5) is per-

formed.
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The sixth step 69 consists in de-interleaving/decoding the transmitted symbols, for exam-
ple by taking into account the signal-to-noise ratio SNR, estimated according to formula (6), that is
obtained on each group of two blocks of symbols for the calculation of the LLRs (Logarithm of
Likelihood Ratio) which are known to a person skilled in the art.

The first step of the method according to the invention consists in estimating the frequency
IRs of the propagation channels that are associated with the two transmit paths and the total noise
correlation matrix R. These estimations may be performed for example according to two embodi-
ments according to the training sequences used in the waveform. The common principle used for
these two embodiments is that of firstly estimating the channel in the frequency domain on the REF
sequences, then of returning to the time domain in order to denoise and perform the interpolation
(from Lgrr, length of the REF blocks to Lpura, length of the DATA blocks) of the channel estimate,
then of returning to the frequency domain to obtain the frequency IRs used in the method according
to the invention.

The objective of the algorithm is to estimate the frequency IR of the multipath propagation

channel associated with cach transmit antenna £,:

M, () = Mg s (F) o bieos Vs gy 1= Oiboamat
kr2 1 k=1 K,

ke =1and2 it )

The two DATA blocks on which the Alamouti block coding has been performed are de-
modulated on the basis of the same estimate of Ar(f).

According to a first embodiment of the invention, there is no deduction of the sequences
transmitted over the two antennas from one another, they are independent, and the algorithm is run
according to the following steps:

Step 1 — Perform a discrete Fourier transform DFT of the received signal after synchroni-

sation on each REF sequence of index i, withi= 1, ..., Nggr, for each receive antenna k.

Ay = DFT [x; (n} |, {10),

o Mo

for no <n <ny + Lrer - 1 with n, the synchronisation position, the indices n corresponding
to the time samples sampled at the symbol rate.

Step 2 — Preliminary estimation of the channel frequency IR on each transmit antenna %,

and on each receive antenna k-

prelim, o _ »3",54»,»,;'@‘)
hke,fir,f (}f) - dkég,fv{f) (-§ 1)

forf=0, ..., Lrer - 1, with d. (f) DFT of the reference sequence transmitted over the trans-

mit antenna %, for the REF block of index i,

The discrete Fourier transform DFT of the reference sequence is precalculated:
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dkg,i(f) = DOFT [dkeli(n}] , for 0 < f < LREF —~ 1 (1 2)

Step 3 — Preliminary estimation of the time IR of the channel on the basis of an inverse
discrete Fourier transform, DFT-!, operation, on each transmit antenna 4. and on each receive an-

tenna k.
RS () = Dﬂ“i[;if‘;‘jg‘(f)], for n, f =0, .., Lggr — 1, {13) (Fig.7).

Step 4 — Decrease the noise of the preliminary time IR and obtain time IRs associated with

each transmit path by means of the steps described below.

In order to improve the quality of the channel estimate, the time IRs of the channel Pt
are zero-forced over a range for which the responses are assumed not to be affected by the multipath
channel: only the elements of the time IR over a length at least equal to the length of the cyclic

prefix CP are retained.

R o i(n) = {hiﬂ;g:m(”) for M€ {0iLep + o] U flgpr — iy bipe — 1 (14)
et 0 for ne [ch + ig + 1; LREF e 11]

Where i and /; are two positive or zero integers making it possible to retain a larger portion
of the time IR of the channel than the portion corresponding to the cyclic prefix (to manage edge

effects) and satisfying the following conditions:

OD<iyg S lppr = begp— 1 and 0<iy SLlggr—Lep~ 21

- if io = Lrer - Lep - 1, this amounts to retaining all of the elements of the time IR
(and #; is not used),

- if i1 = 0, no sample belongs to the interval [Lrer - i1, Lrer - 1]).

Step 5 — Averaging the "denoised" time IRs if Nggr is strictly greater than one. This step
is not performed if Nrgr is equal to 1.

For each transmit path %, and for each receive path %, the channel time IRs obtained on
cach REF sequence are averaged over the Nrer sequences of the stage:

Pk, () = === E05E by (1), for M€ [OiLggr— 1] (15)

REF

In the following steps, the method will estimate the frequency IR of the multipath channel
over the length Lpza.

On the basis of the estimate of the channel time IR obtained at the end of the fifth step on
each REF sequence of the stage, the frequency IR of the channel used to demodulate the DATA
blocks is obtained on the basis of the following two steps, which are performed for each transmit

antenna k., with k&, = 1,2, and cach receive antenna k,, with &, =1, ..., K.
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Step 6 - Interpolation of the channel time IR over the length Lpara if Lpara > Lrer.

A "zero-padding" operation illustrated in Figure 7 is applied to the averaged time IRs in
order to allow the interpolation of the IRs from the length Lgzr to the length Lpaza:

{ m} = Ry o o} for =0l 4]
hf;i_ﬁb mi=90 for 1=l v+ Llngre —1-4]

P fa o | ; 17 {16)
l}ihwm} Broe 0= Lograt Lased g 7= pars —4slngra — 11 A

5 With ZP: the zero padding (ZP)

Step 7 - Estimation of the channel frequency IRs over the length Lp474, denoted by /g,
wAf) 1s then performed using the DFT of the "zero-padded" time IRs of the channel:

M o (F) = DFT WP, (m) ] for nf =0, Lpara — 1. (17)

Step 8: In order to estimate the total noise correlation matrix R, firstly, for each receive

10 antenna &, and on each REF sequence i, the noise samples by () are initialised on the basis of the
prelim ¢ J

samples of the channel time IR Lkpd estimated for one of the two transmit antennas

(the first for example as described in the rest of this document):
, N preiim(_ :
by, in)=hy, ; (n)

1,3&-}“_,@ (18)

for
n e Ifl = [LCP + f:g + I;LREF -1 - ll]
15
with:
[ = 1, ren g NREF
k?‘ - I«; 1!!;K‘
b,‘_(ﬂ) . . .
Let denote the noise vector received on each sequence i
bi(n) = [byi(n) ... by, (W], for n €l (19)
20

i\?

The correlation matrix ** is then estimated by using the noise samples estimated on all of

the training sequences:

e 1

R=—— N%FF(EnEJh z(n)br(n)H) (20)

Nrer

According to a second embodiment of the invention, the training sequences allowing the

25 channel estimation are formed on the basis of a CAZAC sequence and transmitted over the two
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transmit antennas according to the scheme of Figure 4. The channel estimation thus exploits the
deduction of the sequence transmitted over the second transmit antenna from the sequence trans-
mitted over the first antenna via a cyclic shift of Z. symbols in order to decrease the computing
power of steps 2 to 4 by making use of the properties of the DFT, step 1 remaining unchanged. In
the rest of the description, L. = Lre#/2 is chosen.

To estimate the frequency IR on each transmit path k., with k&, = 1, ..., K. and on each
receive path k., with &, = 1, ..., K, and on each training sequence i, withi= 1, ..., Nrsr, the method
consists in proceeding to estimate the time IR of the channel on each receive path &, and on each
training sequence i in steps 2 to 3. At the end of step 3, the time IRs associated with the two transmit
paths k., = 1, 2 are present on the channel time IR thus estimated and step 4 makes it possible to
"separate" the two channel time IRs.

Step 2 — Preliminary estimation of the channel frequency IR on each receive antenna K,.:

wlimy oy _ Yipalf) e
hi:i N = Tain for  f =0, Lggr — 1,

with d(f) the DFT of the reference sequence transmitted over the first transmit antenna for
the REF block of index i (22) (Figure 8).
At this point, unlike the first embodiment of the channel estimation step, this channel es-

timate takes into account the two transmit antennas.

The discrete Fourier transform DFT of the reference sequence is precalculated:

di(f) = TFD[d:(m) ], for 0<f<Lger—1 (23)

Step 3 — Preliminary estimation of the time IR of the channel on the basis of an inverse

discrete Fourier transform, DF T, operation, on each receive antenna &,

prelim _ - prelin g o ] _
o () = DFT AT (0) for nf =0, lpgr =1 (24)

At this point, unlike the first embodiment of the channel estimation step, this channel es-
timate also takes into account the two transmit antennas. The following step allows the algorithm

to perform the channel estimation for each transmit path.

Step 4 — Decrease the noise of the preliminary time IR and obtain time IRs associated with

each transmit path by means of the steps described below.

In order to improve the quality of the channel estimate, the time IRs of the channel /y..; are
zero-forced over a range for which the responses are assumed not to be affected by the multipath
channel, figure 9: only the elements of the time IR over a length at least equal to the length of the

cyclic prefix CP are retained. It is also necessary to take into account the fact that the two transmit
Lgpe

antennas transmit the same sequence, to within a cyclic shift of value 2  : the first portion of the

time IR obtained therefore corresponds to the first transmit antenna and the second portion to the

second transmit antenna:
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RPT sz(n) for n € [0 Lep + i)
hl,kr,i(n.) = < for ne [LCP + ig + }. 2EL 1-— 11] (25)
L R [ . L q
hf:um( & Rgp) for ne [ REF . Rsz - ]
BT (- BB gy n € [0 Lep + o)
. . L .
hz,k,‘,t (n} = 4 ] for ne [L(;p + Ly + 1; RZEF -1 - {.—1] (26)
BT th(n) for ne [LRzEF — iy LR;F —1]

Where i and /; are two positive or zero integers making it possible to retain a larger portion
of the time IR of the channel than the portion corresponding to the cyclic prefix (to manage edge

effects) and satisfying the following conditions:

Dilgg REP“‘“LCP‘“":{ D'{_:Ilg R_ﬁp“‘“ch‘“‘"E“"LQ
5 2 and 2

. {
£0 —_ ‘REF

- if 2 bep =1 , this amounts to retaining all of the elements of the
time IR (and 7, is not used)
Lggr
- if i1 = 0, no sample belongs to the interval = 2

— 51;

] .

At the end of step 4, the algorithm thus obtains, like in the first embodiment of the inven-
10 tion, the time IR associated with each transmit path 4., with each receive path k. and with each

training sequence i, the only difference being that these time IRs are estimated on a length Lrgr/2
Lrgr

instead of Lggr. Steps 5 to 7 remain unchanged (while replacing Lggr with 2 in equations (15)

and (16) of steps 5 and 6 above) and step 8 is modified so as to take into account the fact that the

noise samples are no longer located on one interval but on two intervals, after each of the two

15 channel time IRs associated with each transmit path k. that are present in the overall time IR
prelim
oy k
Step 6 of zero setting and of zero padding is illustrated in Figure 9 for T

i
hyk, ()

Step 8: In order to estimate the total noise correlation matrix R, firstly, for each receive
20 antenna &, and on each REF sequence i, the noise samples by () are initialised on the basis of the

hpmum

samples of the estimated channel time IR RF'L

b, () = B S () (27)
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for
. < Lgpe R Lapr . .
ne 1}‘3 = [LCF + iy + 1_}...-‘35%.{.-_ 1- Ll] U ["""@f"{"""&(:p + Ig + 1; LREF -1- I.}]
with:
e N
> —~ 7
Af‘! e j., -3 h~|«
b
5 Let «(n) denote the noise vector received on each sequence i

b(n) = [by(ny .. by, (W', | nel, (28)
R

Next, the correlation matrix is estimated by using the noise samples estimated on all

of the training sequences:
s 1 NREF ™ e ot E ot H {
10 The method according to the invention notably affords the advantage of equalising signals

received according to a method that is inexpensive in terms of computing time.
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PATENTTIVAATIMUKSET

1. Menetelma signaalin vastaanottamiseksi Jja tTasaa-
miseksi interferenssia ehkaisevasti, joka signaali la-
hetetdan Alamouti-koodauksen mukaisesti lohkoissa moni-
tiejadrjestelmassa, Jjoka kasittda vahintaan vhden lahet-
timen, Jjossa on K. = kaksi ldhetystietad, ja wvastaanot-
timen, Jjossa on K, kappaletta wvastaanottoteita, Jjossa
mainittu signaali k&sittada vahintaan yhden opetussek-
venssin, Jjoka muodostuu tunnetuista symboleista, ja va-
hintdadn vhden hyotydatasekvenssin, Jjoka muodostuu tun-
temattomista sekvensseistd, Jjotka on tarkoitus demo-
duloida, ja Jjoka menetelma kadsittda ainakin seuraavat

vaiheet:

- synkronoidaan ajan/taajuuden suhteen signaa-
1lit, jotka vastaanotetaan vastaanottimella,

- estimoidaan taajuusimpulssivasteet etenemis-
kanaville, jotka liittyvat kuhunkin K. kappa-
leesta lahetysteits,

- estimoidaan kokonaiskohinan korrelaatiomat-
riisi, R(f),

- kullekin vastaanottotielle k., joka sisaltyy
joukkoon [1..K,.], suoritetaan:

- diskreetti Fourier-muunnos DFT ensimmaisen
tyyppiselle 1lohkolle hyotydataa 21, (63),
X7 (21) (£)=TFD(x(21) (n)), jossa x(21) (n) on
signaalivektori, joka vastaanotetaan lohkolla
2i, jonka pituus on ILpara, Jossa f=0,..,Lpara—1 Ja
n=0,.., Lpara—1 Ja

- konjugaatio-operaatio, jota seuraa permutaa-
tio sykliselld permutaatiomatriisilla P Ja
ajankaannslla, Jota kaytetdaan Alamouti-koo-
daukseen lohkoissa, Jjoka suoritetaan lahetyk-
sessa (64), Jja diskreetti Fourier-muunnos DFT
—operaatio (66) toiselle lohkolle hydotydataa
21i+1, x7(21i+1) (£f)=TFD(Px* (21i+1) (n)), jossa

X (21+1) (n) on signaalivektori, Jjoka
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vastaanotetaan lohkolla 2i+1, Jjonka pituus on
Lpara, Jjossa £f=0,..,Lpara—1 Ja n=0,.., Lpara—1,

jossa * on konjugaatio-operaattori ja matriisi
P on syklinen permutaatiomatriisi, ajankaan-
nolla, madriteltynd seuraavalla suhteella 1loh-
kolle hydtysymboleita a(n), Jjonka pituus on

Lpara:

P [a(O), ey a(LDATA - 1)] = [a(n), vy a(O), a(LDATA - 1), ey a(n + 1)])

jossa mahdollisia matriiseja P on Lpara kappa-
letta, kunkin ollessa maaritelty ensimmdisella
alkiolla a(n) matriisilla P tehdyn permutaa-
tion ulostulolohkosta, Jjossa lahetyksessa ja
vastaanotossa kaytetdan samaa permutaatiomat-
riisia;

- lasketaan painotusvektorit w.(f), Jotka
liittyvat kuhunkin lahetystiehen
(k=1,..,Ke=2), (601, 602):

RN, ()
1+ 388 he (1) R() ™ he(f)

jossa R(f) ! on kokonaiskohinan korrelaatiomat-

wy (f) =

riisin k&aanteisarvo, hi.(f) on vektori, Jjoka
sisaltaada etenemiskanavan taajuusimpulssivas-
teet K, kappaleella vastaanottoteita lahetys-
tielle k., 1=0,.., Lpara—1 taajuuden indeksi,

- suoritetaan suodatus kullekin taajuudelle
kahdesta lohkosta hydtydataa kayttden paino-
tuksia wi(f), kun k=1 ja k=2

lohkolle 2i, jossa:

y@D(F) = wi(Hx' O +w; (Hx' i + D), kun
=0,.., Lpara—1 (603), Wf painotusvektorin konju-
gaattitranspoosi, kun k-~=1, Wg painotusvekto-
rin transpoosi, kun k=2,

lohkolle 2i+1, jossa:
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y(2i+ D) =wi' (Nx' D) —wi(Nx'(2i+ (),  kun
f=0,.., Lpara—1 (604), Jjotta saadaan estimoitua
vastaavasti symbolit, Jjotka wvastaavat lohkoa
2i ja lohkoa 2i+1,

- suoritetaan kdanteinen Fourier-muunnos DFT-!
—operaatio signaaleille y(21i) (f) ja y(2i+1) (f)
(65, 68), Jjotta saadaan estimaatti symbo-
leista, Jjotka lahetetdan vastaavasti lohkoilla
2i ja 2i+1, ja dekoodataan (69) lahetetyt hyo-
tysymbolit.

2. Patenttivaatimuksen 1 mukainen menetelmda, tun -
nettu siita, etta kaytetaan kahta perakkaista data-
lohkoa 2i ja 2i+1 koodaamiseen ldhetyksessa ja symbolien

estimoimiseen vastaanotossa.

3. Jonkin patenttivaatimuksista 1 tai 2 mukainen mene-
telmd, tunnettu siita, ettd se kdsittiad edelleen
vaiheen, Jjossa normalisocidaan symbolit, Jjotka on esti-
moitu wulostulossa kaanteisellda Fourier-muunnoksella
TFD-1, kertoimella n, joka maaritellaan kayttden sen es-

timaattia:

j= L yloara~l i (M ROV (N k(DR ha (1)
1= Loara®l =0 T (P RGY aFrhey FPRU) haf)

4., Patenttivaatimuksen 3 mukainen menetelmda, tun -
nettu siita, ettda vaiheessa, Jjossa dekoodataan (69)
symbolit, otetaan huomioon estimoidun signaali-kohina-

suhteen

arvo, Joka saadaan kullekin kahden symbolien
lohkon ryhmalle dekoodauksessa kaytettyjen uskottavuus-

suhteiden LLR laskemiseksi.
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5. Jonkin patenttivaatimuksista 1-4 mukainen menetelms,
tunnettu siita, ettd kaytetadn opetussekvensseihin

riippumattomia sekvensseja lahetysteilla.

6. Patenttivaatimuksen 5 mukainen menetelmda, tun -
nettu siita, ettd estimoidaan kanavan taajuusimpuls-
sivaste, Joka liittyy kuhunkin l&hetysantenniin k. Jja
kuhunkin wvastaanottoantenniin k,, Jjossa f=0,.., Lpara—1,

suorittamalla seuraavat wvaiheet:

- suoritetaan synkronoinnin Jjalkeen wvastaan-
otetun signaalin diskreetti Fourier-muunnos
DFT indeksin i kullakin referenssisekvenssilla
REF, 1i=1,..,Nggr, JoSsa Nggr on referenssisek-
venssien lukumaarda vhdelld tasolla (Neggr21),
kullekin vastaanottoantennille kﬁ)%pr):
(DFT)[xy,;(n)], Jjossa x,; on vastaanotettu sig-
naali vastaanottotielld k, ja sekvenssilla REF
i, jossa neSn<ng+ILgz=—1, Jjossa ng on synkronoin-
tiasema, n kappaleen 1indekseja vastatessa
ajallisia naytteitda, Jjotka on naytteistetty
symbolinopeudella, jossa 0Sf<Lgz—1, Jossa Lger
on sekvenssin REF symbolien lukumadra

- lasketaan alustavasti lahetysantennilla k.
lahetetyn referenssisekvenssin diskreetti Fou-
rier-muunnos DFT indeksin i 1lohkolle REF,

jossa:

d. (f) = DFT [dke’i(n)] Jun 0<F<Lage—1,

jossa dka(f) on lidhetysantennilla k. ldhetetyn
referenssisekvenssin DFT indeksin 1 sekvens-
sille REF:

- suoritetaan kanavan taajuusimpulssivasteen

alustava estimointi:
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kun f:O, vy LREF_]—

el

- suoritetaan kanavan ajallisen impulssivas-

teen alustava estimointi perustuen kaanteisen

diskreetin Fourier-muunnoksen, DFT-!, operaati-
oon indeksin i kullekin lohkolle REF, kullakin

lahetysantennilla k. ja kullakin wvastaanotto-

antennilla k,:

e'kT‘l

hgtustava(py = pET -1 [h,%h]‘(“_a”a(f)], kun n, £=0, .., Lrzr—1,
e rt

- vahennetdan alustavan ajallisen impulssivas-

teen kohina ja saadaan ajalliset impulssivas-

teet, jotka liittyvat kuhunkin lahetystiehen,

seuraavissa kahdessa wvaiheessa:

- suplstetaan nollaan kanavan ajalliset im-
pulssivasteet hkk_ alueella, jossa vasteet ei-
e rt

vat sisalla hyddyllisten moniteiden wvaiku-

tusta,
koko:

poislukien syklisen etuliitteen CP

hatustava(py kunn € [0; Lep + io] U [Lrer — i1 Lrer — 1]

hy k (n) = ori
e rt

jossa 1o

0 kunn E [LCP + iO + 1;LREF - 1 - il]]

Jja 11 ovat kaksi positiivista koko-

naislukua tai nolla, Lecr on syklisen etuliit-

teen CP

symbolien lukumaarada, Jjota kaytetaan

kullakin referenssisekvenssilla REF ja kulla-

kin hyotydatasekvenssilla DATA, Jja sekvenssin

REF kokonaiskoko on yvhta kuin LgzgrtLer

- kullekin 1l&hetystielle k. ja kullekin wvas-

taanottotielle k, keskiarvoistetaan saadut ka-

navan ajalliset impulssivasteet kullakin sek-

venssilla REF tason Nzgr kappaleella sekvens-

seja (kun Ngzgr>1l):

hke,kr (n) =

1

NREF

NREF

Z h  (n), kunn € [0; Lggr — 1]
= 4
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- maaritetaan kaytettadva kanavan taajuusim-
pulssivaste datalohkojen demoduloimiseksi seu-
raavissa kahdessa vaiheessa:

- sovelletaan “zero-padding”-operaatiota kes-
kiarvoistettuihin ajallisiin impulssivastei-
siin, niin ettad saadaan interpoloitua impuls-
sivaste pituudesta Lgzr pituuteen ILpara (kun

Lpara>Lggr) ¢

ko (W) = hye , (Wkunn = [0; Lep + i)

hlikr (n) = hke'kr (n = Lpara + Lrgp)kunn = [Lpara — iy; Lpara — 1]

jossa ZP: zero-padding tai nollien lisadaminen
(ZP)

- estimoidaan kanavan impulssivasteet pituu-
della Lpara, merkitty hy m(f)’ kayttden Fourier-
muunnosta kanavan ajallisiin impulssivastei-
siin lisdttynd nollilla

hke’kr (f) =DFT [hfﬁkr(n)], kun n, £=0,.., Lpara—1.

7. Patenttivaatimuksen 6 mukainen menetelmda, tun -
nettu siita, etta estimoidaan kokonaiskohinan kor-
relaatiomatriisi R(Ff)=R kayttamalla estimoituja kohi-

nanaytteitd joukolle opetussekvensseja:

Negp
R= Z Z b, ()b, (M7
Nygr : }

=1 \neh,

jossa vastaanotetun kohinan wvektori kullekin
naytteelle n kustakin opetussekvenssista
i=1, .., Nrzr, estimoidaan naytteille kanavan
alustavasta ajallisesta impulssivasteesta,
joka 1liittyy vhteen kahdesta lahetysanten-
nista, joka vastaa kohinanaytteita, kun ne€l, =
[Lep +io + 15 Lpgr — 1 = 14]
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jossa by ,(n) = AL ().

8. Jonkin patenttivaatimuksista 1 - 4 mukainen mene-
telmd, tunnettu siita, etta kaytetdan Cazac-sek-
vensseja opetussekvensseille, Jjossa toinen lahetystie
lahettad saman sekvenssin kuin ensimmdinen tie, sen jal-

keen kun on sovellettu syklistd siirtoa L.~=Lzgr/-.

9. Patenttivaatimuksen 8 mukainen menetelmda, tun -
nettu siita, ettd estimoidaan kanavan taajuusimpuls-
sivaste, Jjoka liittyy kuhunkin l&hetysantenniin k. Jja
kuhunkin vastaanottoantenniin k,, kun f=0,.., Lpa;ra—1, suo-—

rittamalla seuraavat vaiheet:

- suoritetaan synkronoinnin Jjalkeen wvastaan-
otetun signaalin diskreetti Fourier-muunnos
DFT kullekin referenssisekvenssille REF, Jjoka

liittyy datalohkoon:

Vir, i (£)=DFT (X, ;(n)], kun neSn<ngt+Lggy—1

Jjossa np on synkronointiasema, n kappaleen in-
dekseja vastatessa ajallisia naytteita, jotka
on naytteistetty symbolinopeudella, Jja Jjossa
0L f<Lgzr—1,

- lasketaan alustavasti ensimm@isellda lahety-
santennilla lahetetyn referenssisekvenssin
diskreetti Fourier-muunnos indeksin i 1loh-
kolle:

d; (f)=DFT[d;(n)], kun O0Lf<Lggr—1:
- suoritetaan kanavan taajuusimpulssivasteen

alustava estimointi:

halustava(f) _ ykr'i(f) kun f=0 I3 -1
kr'i - di(f) ’ J eeey HUREF /4
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hl,kr’i (n) = 0) kun n e [LCP + lO + 1).

L
hz,kr,i n) =< 0,kunn€[Lep +ip+1;

hke,kr (n) =

277

- suoritetaan kanavan ajallisen impulssivas-
teen alustava estimointi kayttiaen kaanteisen

Fourier-muunnoksen, DFT-!, operaatiota:

hlustava(n) = DFT 1 [EHstva(f)], kun n, £20, .., Lus-1

- erotetaan kanavan ajalliset impulssivasteet,
jotka wvastaavat kutakin ladhetystietd ajalli-
sessa impulssivasteessa hgﬁ“mm(n), ja supiste-
taan nollaan kanavan ajalliset impulssivasteet
alueella, Jjossa vasteet eivat sisalla hyodyl-
listen moniteiden wvaikutusta, poislukien CP:n
koko:

hptustava(n), kun n € [0; Lep + i)

L L L
hﬁ%sm”a<n-+ ifF>,kun11€ RE i ifF——l]

L
h%llfstava <Tl + RZEF> , kunn € [0, ch + lo]

rt

2 - 1 - il]
alustava LREF . LREF
hi™ (n), kunn € [ > —ll;T—l]

- kullekin l&dhetystielle k. ja kullekin wvas-
taanottotielle k,, keskiarvoistetaan kanavan
ajalliset impulssivasteet, jotka on saatu kul-
lakin sekvenssillad REF tason Ngzgr kappaleella

sekvensseja (kun Nzg=>1):

NREF

1
Z he , (n), kunn € [0; Lagp/2 — 1]
=

NREF

- madritetdan kanavan taajuusimpulssivaste,
jota kaytetdan datalohkojen demoduloimiseen,
kahdessa seuraavassa vailheessa:

- sovelletaan “zero-padding”-operaatiota kes-
kiarvoistettuihin ajallisiin impulssivastei-

siin, niin etta saadaan interpoloitua
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impulssivaste pituudesta Lzer/2 pituuteen Lpara
(kun Lpara>Lrer/2) @

hlikr (n) = hke'kr (n), keunn = [0; Lep + io]

h’fp (n) - 0, kunn - [LCP + iO + 1,' LDATA - 1 - il]

e

hff,kr (n) = hke,kr (n = Lpara + Lrgr/2), kunn = [Lpara = iy; Lpara — 1]

kr

jossa ZP: zero-padding tai nollien lisadaminen
(ZP),

jossa 1o Jja 11 ovat kaksi positiivista koko-
naislukua tai nolla

- estimoidaan kanavan impulssivasteet pituu-
della Lpara, merkitty hkem(f)’ kayttden Fourier-—
muunnosta kanavan ajallisiin impulssivastei-

siin lisdttynd nollilla
hk X (f) =DFT [hfpk (n)], kun n, £=0,.., Lpara—1.
e'r er

10. Patenttivaatimuksen 9 mukainen menetelmda, tun -
nettu siita, etta estimoidaan kokonaiskohinan kor-
relaatiomatriisi R(f)=R kayttamalla estimoituja kohi-

nanaytteitd joukolle opetussekvensseja:

NREF

=2 | ) by

i=t \nEl

R=

jossa vastaanotetun kohinan wvektori kullekin
naytteelle n kustakin opetussekvenssista
i=1,.., Nrzr, estimoidaan naytteille kanavan
alustavasta ajallisesta impulssivasteesta,
joka vastaa kohinanaytteita, kun

Ly

nely=|Lep+ig+ LEEE—1— iy | U [ 4 Ly +

io + 15 Lggr — 1 — iy

bi(n) = [byi(n) ... b, (MW",
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jossa
bkr,i (n) = hf{lfi‘sm”a(n).

11. Vastaanotto- ja tasausjarjestelmd signaalin inter-
ferenssin ehkdisemiseksi, joka signaali lahetetdan Ala-
mouti-koodauksen mukaisesti lohkoissa monitiejarjestel-
massa, Jjoka kasittaa vahintdan yhden lahettimen, Jjossa
on K. = kaksi vastaanottotietda, ja vastaanottimen, jossa
on K, kappaletta vastaanottoteitd, Jjossa mainittu sig-
naali kasittaa vahintaan vyhden opetussekvenssin, Jjoka
muodostuu tunnetuista symboleista, Jja vahintaan vyhden
hyotydatasekvenssin, Joka muodostuu tuntemattomista
sekvensseista, Jjotka on tarkoitus demoduloida, tun -
nettu siita, etta vastaanotin (52) k&sittaa proses-
sorin (523), joka on kytketty vastaanottoteihin ja kon-
figuroitu suorittamaan jonkin patenttivaatimuksista 1 -

10 mukaisen menetelman mukaiset vaiheet.

12. Patenttivaatimuksen 11 mukainen vastaanotto- ja ta-
sausjarjestelmd, tunnettu siita, etta jarjestelma

on 4G-tiedonsiirtojarjestelma.



-1- EP 3843308

Fig. 1

e ey B .
TOICP L @Y L OB {Psiziy

R4 L N v/ A o % B o v L

]
5
4

Block 2/ Block 2i+1

Fig, 2 I LW T
1. « OP1 L REF, ;:
} LT IR
(P21 RER
I

ML

%2

}

H

2;

et ‘f

SN I S /
34

CP2 | REF

¥ ‘ M . w,.w“w H

oS W NRVRIIIRVINES g 3



Fig. 4

Fig. 5

WSW

CP1| REF,FHEF

N

7 Txd

¢

CP2 | REF,= 4olRER

7 Tx2

H e

EP 3843308




EP 3843308

Fig. 6

Alamouti
frequency
recombination

{8"5

o -~
p_veu‘(:\\\ock

h‘e:ei‘a‘éd It
n

\v-w.-»«-“

i in

3

Decoding

e

i
{ao ‘64

{68




EP 3843308

Fig. 7

Step 3

.
t
i

Zero-padding

Step &

i

Zero-forcing

S{ép 4

i s o e i Vi KB 8 St N i B ik B AP Y B b e M B W

o o i




EP 3843308

i b e S ka8 e € e o o e e R A 0 e S o e e 21 i
e

7 i i TS i e R N TR T M, R S

A 3

5
Ly

{f

5
4

g?x“!

Fig. 8



EP 3843308

F
&3

Zero-padding

| forcing

i
=
D

I

&

adding

Zero-p

fee

{ Zero-
forcing

ennd




	Page 1 - BIBLIOGRAPHY
	Page 2 - CLAIMS
	Page 3 - CLAIMS
	Page 4 - CLAIMS
	Page 5 - CLAIMS
	Page 6 - CLAIMS
	Page 7 - CLAIMS
	Page 8 - CLAIMS
	Page 9 - CLAIMS
	Page 10 - CLAIMS
	Page 11 - CLAIMS
	Page 12 - CLAIMS
	Page 13 - CLAIMS
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS

