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5 The present invention relates to a process for
transmitting a digitized signal according to OFDM
(Orthogonal Frequency Division Multiplexing) type.
multicarrier modulation using N orthogonal channels.
The present invention also relates to a transmitter and

10 a receiver for the implementation of this process.
In the international Patent Application
PCT/FR 89/00546 filed in the name of THOMSON-CSF, there
is described a particularly high-performance process
for tfansmission using OFDM type multicarrier
15 modulation making it possible to transmit, with a high
density, a digitized signal. In the 'transmission
process described, a plurality of orthogonal
frequencies is used and an (amplitude/phase) or (real
part/imaginary part) pair is transmitted on each
20 frequency, the amplitude/phase or real part/imaginary
part pair being one-to-one equivalent to the
information to be sent. Moreover, in order to recover
at the receiver the information sent according to this
process whilst taking into account multiple echoes,
25 various techniques are used such as the associating
with the useful transmission interval of a transition
interval or guard interval, the use of synchronization
signals and especially the use of test-packets which,
on reception, enable equalization of the channels to be
30 performed. However, when wishing to use a very large
ﬁﬁmber N of channels, for example 1024 channels, there
is in this case a very large spectral occupancy.
Indeed, the frequency band used is at least 16 MHz.
This poses a number of problems in regard, for example,
35 to the frequency of operation of the signal processing
circtiits. )
The purpose of the present invention is to
propose a novel process for transmitting a digitized
signal according to OFDM type multicarrier modulation
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orthogonal channels, which can be used equally well
with modulation of the type described in international
Patent Application PCT/FR 89/00546 as with other OFDM
type multicarrier modulations.

Accordingly, the subject of the presént
invention is a process for transmitting a digitized
signal according to OFDM (Orthogonal Frequency Division
Multiplexing) type multicarrier modulation using N
orthogonal channels, characterized in that the channels
are divided into two, N/2 channels corresponding to a
first frequency band Dbeing sent via a first
transmission track according to a first polarization
and the remaining N/2 channels being brought back into
the same frequency "band and sent via a second
transmission track according to a second polarization
crossed with respect to the first.

By using this novel transmission process it is
possible to have a much larger number of channels for
the same frequency band. Moreover, independence between
channels is achieved éwing to the fact that each
channel is orthogonal to the other channels. Thereby,
the maximum amplitude of a channel corresponds to the
zero of all the other channels as explained in the
abovementioned PCT application. Accordingly, if there
is coupling between the two polarizations each
transporting half of the channels, on decoding, its
influence on the channels is minimized. -

According to another characteristic of the
present invention, the digitized signal transmitted on
each track includes, 'periodically, test-packets
allowing the send channel to be equalized on reception.

v This feature makes it possible to compensate in
particular for the attenuation of one polarization with
respect to the other, from the moment when the
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.various techni ques are used such as the associating with Hlias BEEN
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-of “synchroni zati on signals and especially the use of test-pack&EgL' ]
reception, enable equali zatior&b%f the channels to be Berfor.rred. wever,
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channel s, theselanizat idhn xrasEl awereryhdmaraye specl 24t o upgaiby. | ndeed,

t he frequency band ugggcc%%dﬁ%l eggt 16 ;\/é—%?ti'r%ifal{)?s&%bgd?ﬂgnggggw obl ens

in regard, for exanple; f requenc operation o
processi ng cisugdessive test-packets are transmitted per track and

5 the test-packets are chosen in such a way that:

2 1 2
t (2 0 t 2g)=0;t_(2g)=0;, t_(2g)=0
(29) = A( q) B( q) B( q)

Moo

2 1 2
t (2g+1)=0; tA(2q+l)¢0; tB(2q+l)=&0; tB(2q+1)=0.

The present invention also relates to a

10 transmitter for the implementation of the above
process, characterized in that it principally includes
a circuit for calculating an inverse fast Fourier
transform (FFT-1) for N samples, a first send track for
N/2 samples and a second send track for the remaining

15 ©N/2 samples, the two tracks allowing sending in one and
the same frequency band but with cross-polarizations.

‘The subject of the present invention is also a
receiver for receiving signals transmitted according to
the above process, characterized in that it includes

20 two reception tracks each able to receive the signals
corresponding to N/2 samples, transmitted in one and
the same frequency band but with cross-polarizations
and a circuit for calculating a fast Fourier transform
(FFT) enabling N samples to be processed or, according

25 to a variant embodiment, a circuit for calculating a
fast Fourier transform (FFT) enabling N/2 samples to be
processed, connected at the output of each track and a
circuit for coupling the two circuits for calculating a
fast Fourier transform (FFT).

30 Other features and advantages of the present
invention will emerge on reading the description given
below of various embodiments, this description being
given with reference to the attached drawings in which:
- Figure 1 is a schematic diagram of a transmitter for

35 the implementation of the transmission = process
according to the present invention;

- Figure 2 is a schematic diagram of a receiver for
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_'The purpose of the present invention is to propose a nov aIT{”zsr QEESP HA]r BEEN
transmitting a digitized signal according to OFDM type myl

modul ati on -2- which enables the freqgyency band used ta bgaa§ﬂ$@§gd Th
pur pose of the present invention is also to propose a process for
transm tti ng RGN eaignahal taeasrditted aauyamdingeetaukhpc Ayacass
nmodul ati on ugddubMiGid hand Raddved sinvdh€ibgean be used equal ly well
- Figure 3 is a simplified schematic diagram explaining
the choice of the test-packets, and
5 - Figure 4 is a simplified schematic diagram of another
embodiment of the send chain according to the present
invention.
The transmitter and the receiver which are
described below are circuits used to transmit and
10 receive digitized signals, using OFDM (Orthogonal
Frequency Division Multiplexing) type multicarrier
modulation using N orthogonal channels. In this case
and as described in the abovementioned PCT patent
application, the digitized signal is chopped up into a
15 succession of packets. The useful part of the signal is
therefore made wup of N sinusoidal signals each
modulated in amplitude and in phase. In the context of
the PCT patent described above, in order to take into
account the multiple paths due to echoes and to more
20 easily determine the wuseful signal, a transition
interval or guard interval is defined corresponding to
the start of the packet followed by the useful part of
the signal which alone will be utilized at reception.
In order to carry out the modulation in amplitude and
25 in phase, a constellation in the complex plane is used
in a known manner. As mentioned in the patent
application cited, several types of constellations can
be chosen, namely rectangular, hexagonal or circular
constellations. Thus, as represented in Figure 1, the
30 binary train issuing from a coder, not represented, and
cBrresponding to the digitized signal to be sent is
dispatched at the input of a constellation conversion
card 1 which matches the input bits grouped together
by N and the points of the constellation which
35 are allocated to each sub-carrier. It is at the
constellation/conversion circuit that synchronization
information together with teét—packets which will be

described later and which are used for the equalization
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coefficients to be applied to the following useful
packet. This enables equalization of ‘the channel to be
carried out.

The data output by the circuit 1 are dlspatched
to a circuit for calculating an inverse fast Fourier
transform (FFT-1)2. The circuit for calculating an
inverse Fourier Transform has been described in Patent
Application PCT/FR 89/00546 to which reference may be
made for a more complete description of its operation.
The circuit 2 makes it possible to carry out the
modulation of N channels on transmission, for example
of 1024 channels in 72 microseconds, especially in the
case in which it 1is desired to send television
transmissions.

In accordance with the present invention, in
order to 1limit the passband which, in the case of
1024 channels, must be 16 MHz, it is proposed in the
present invention to split the channels into two and to
dispatch the first 512 channels over a first send track
and the last 512 channels over a second send track. As
represented in Figure 1, each send track essentially
includes a shaping circuit 3A, 3B, a digital/analog
converter 4A, 4B, a circuit for transposing the
baseband frequency intoc intermediate frequency G5A, 5B
and a transmitter proper 6A, 6B dispatching the signal
to be sent to an antenna 7A, 7B.

’ In more detail, the shaping circuits 3A, 3B
serve to put the data issuing from the circuit 2 for
calculating an inverse fast Fourier Transform (FFT-1)
into the format which <can be utilized by the
digital/analog conversion circuit and to append the
transition interval or guard interval when using a
transmission process with a guard interval, as
described in the abovementioned patent application. The
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analog signal into an intermediate frequency which the
transmitter will be able to utilize. Moreover, the
transposition circuit 5B makes it possible to reduce
10 the frequency of the analog signal of this track down
into the same frequency band as the signal sent via the
first track. These signals issuing from the two
transposition circuits 5A and 5B are each dispatched to
a transmitter proper 6A, 6B of conventional type which
15 dispatches the signal to an antenna 7A and 7B.

In accordance with the present invention, the
antennae 7A and 7B transmit the signal according to
cross-polarizations. Thus for example, the signal
dispatched by the antenna 7A is transmitted with

"20 horizontal polarization whilst the signal dispatched by
the antenna 7B is transmitted with vertical
polarization, these two signals being transmitted in
the same frequency band.

An embodiment of a receiver making it possible

25 to receive a signal transmitted according to the
process described above will now be described, more

particularly with reference to Figure 2. This receiver

includes two reception tracks in parallel, each
consisting of an antenna 10A, 10B, a receiver 11X, 11B,
30 an intermediate frequency to baseband 1 and

intermediate frequency to baseband 2 transposition
circuit, 12A, 12B respectively, and an analog/digital
converter 133, 13B. The outputs from the two
analog/digital converters are dispatched through an
35 adder 14 at the input of a packet synchronization
circuit 15 and of the demodulation circuit 16 which
will be described in more detail below. The antennae

10A and 10B are cross-polarization antennae making it
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recelvers 114 and 11B are recelvers of convent:.onal

type which need not be detailed here. The transposition
‘5  circuits 12A and 12B make it possible to pass from the
intermediate frequency in which the baseband signals 1
are transmitted for the first reception track and
baseband signals 2 for the second reception track. The
transposition circuits consist essentially of a mixer
10 receiving on one of its inputs a signal, at the
transposition frequency, issuing from an oscillator.
The analog/digital converters 13A, 13B make it possible
to transform at the sampling frequency F2 the analog
signal into a digital signal. These two signals are
15 added together in an adder 14 before being dispatched
to the demodulation part of the system whiéh is
identical to that described in the PCT patent
application cited above. As represented in Figure 2,
this demodulation part includes a packets-synchro
20 circuit 15 the purpose of which is to carry out the
temporal chopping of the signal into packets so as to
provide a circuit for calculating the £fast Fourier
Transform (FFT) 16 with only the useful part of the
packets by using the synchronization information sent
25 together with the signal. This part also includes at
the output of the circuit for calculating the fast
Fourier Transform (FFT) 16, a circuit 17 for detecting
the test-packets dispatching information to a
correction circuit 19 and an equalization circuit 18
30 charged with the calculations of the correction
coefficients which transmits to the correction circuit
19 a correction signal for each packet. The elements
issuing from the correction circuit are dispatched to
an - interface 20 which transforms the information
35 received into a binary train transmitted on the line
21. The use of test-packets makes it possible to carry.
out equalization and to remédy the attenuation which
may exist between the two polarizations. —
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coupllng of transmission, sending and receiving, will
now be described with reference to Figure 3. As
represented in Figure 3, at the output of the (FFT-1)
circuit 2, the signal R(n) and the signal I(n) which
correspond to the real part and to the imaginary part
are transmitted on each track respectively.

If account is taken of the couplings which
occur respectively at the circuit 2 and at the antennae
7A and 7B, then in transmission, once the steady state
is reached, the following equations hold:

FFT-1 coupling

rla) = + [a(q) + b-q) ]
g
i(q) = + 53 [ alq) - blq) ]
where
r(q) = FFT [R(n) )
1(q) = FFT [ I(n) ]
Antenna coupling

r' (q) r(q) + Kir i(q)
i' (q) Kig ri(q) + i(q)

Hence the signals R'(n) are transmitted via the
antenna 7A and the signals I'(n) are transmitted via
the antenna 7B. Signals R"(n) and I"(n) respectively,
which take into account the couplings and the multiple
echdés, are received on the reception antennae 10A and

10B. These signals are given by the following
equations:
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‘transform (FFT[err]) for N samples, a first send track for N2 sanples and

"a. second send track for the fremaining N2 sanples, the two K
.sending in one and the same frequency bagd_but with cross- prg@|%%?i%5§§Q%Ek
l

The subject of the present invention is also a receiver

signal s transnmue;d-«gzqg'r1 kg e gboveprocess, ch
It includes two recepti U W Eg I(agchq g?ﬁlréﬁehvi %
corresponding to N 2 anples transn1tted i¥n one and th
band but with cross- polarlzatlons and a circuit for cal

Fouri er transt‘r(m)(Elﬂ’).,‘R mgpl | RY P\ s_aqg) e_';sztgl b&)proi:.est

or, going over to frequency:

r"(q) = r’(q) ¢é (qQ) e J o (q, ti)

-} §

™~

- Jo (q, tjl

@ | Tl @e

' 2}
b 0~

ill (q)

r-(q) ag (q] e_ J @ [Q. tR)

¥~

+ 1’ (q) a% (q) e J e (q, tl)

~ 1~

5
which can written in the following form
example
i - :
CRR = Z o (q) e J e (q, ti)
i
10 r"(g) = Crriq) r'(g) + Crr{q) i'(q)

iv(q) Crri{q) r'(q) + Crr(a) i'(q)

forlrece

racterjzed in that
tte st ghal s

e sanme frequency
culating a fast
iEd or accordi ng

on putting for

On reception, these couplings at the antennae
10A, 10B and at the circuit for calculating a fast

15 Fourier Transform 16 <can be represented by the

following equations:

- Antennae coupling

rn (q) = ru(q) + KIIR in(q)
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. to a variant enbodinent, a circuit for calculating a fast Fourier transform
(.FFT) enabling N 2 sanples t0o be processed, connected at the output of each
.track and a circuit for coupling the t circuits for calculating a fast ]
Fourier transform (FFT). Qher features and advantages of t 1r AS BEEN !
i nvention will energe af'rd&di mgk'Ra &dsd@ pt é (Glven beloFT%? g%gﬂ;H l
enbodi nents, this description being given with reference to g}
drawi ngs i n which: - Figure 1 i, a schematic diagramof a transmtter for

t he i npl enentation” ransm ssi on process according to the
present invention; a'(g) =r"' (q + ji'' (q)

5 k)i (<!) = " (<I) - j il!l (CI)

Thus at the output of the FFT 16, the set can
be rewritten in matrix form as follows:

a' (q)]a[ﬂ J} [1 K'm] [CRR CIR] [1 K;R —; +% a {(q)
b’ (q) +1 - KI'H 1 CRI CII 1 1 ~J72 j72) b (q
-

J

M(q)
10

or, taking the inverse matrix:

alq) alq) B(q) a’ (q)

b(q) v(q) &(q) b’ (q)

Moreover, the signals &(q), b(g) are obtained
at the output of the equalization circuit. These
15 signals are such that:

a(q) a(q) B(q) a' (q)

b(q) @) &) | | b (q)

Now, with the equalization, signals are
20 recovered such that:

«(q) &
@ This Sheet Has Been Replaced
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A(q) B (D

”~ -
¥ (q) d (q)

In accordance with the present invention, in

order to estimate this matrix, two test-packets are

transmitted per track, i.e:

1 1 2 2 . 1 1 2 2
tar tgs ta., tBand we receive t',, t'gs t'pa, t'g

€3 (@) =a (@t} (@) + B (@) t'5 (@)
t‘i (@) = a (q) t'i (q) + B (a) t'g (q)
£3 (@) =7 (@) t'y (@ + 8 (@) &'} (q)
E2 (@) =7 (@t 2 (@ + 8 (@) &2 (@
We put: A = t' (@) t'2(q) - €' (@)
and it follows that
—
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- orthogonal channels. In this case and

. The transmtter and the receiver which are described below are circuits
used to transmit and receive digitized signals, using__QOFDM (Orthege

Frequency Division Miltiplexing) txge_ gultiggr&ier m@FESHﬂﬂOHAﬁéﬁm@
escribed ip €REPLACED

abovenentioned PCT patent a catlog the digitized Sigradt—ts—choppeth
into a succession of bg&ﬂétif@%hp eﬁg[qﬂahf(ﬁqlhe S|gnal is therefore
made up of N sipnusoi daf* si gnaIBs each

In the cont ex® tfie “PCTpatemt—desctrToed—above;—in order to take into
account the multiple paths due to ekhoes and to nore

2 , 1 _ .1 2
tA(q) t A(q) tA(q) t A(q)

é(q) =

A
) t;(q) t’gtq) - tgcq) t';(q)
r(q) =

A
) tgtq) t’i(q) - t;(q) t’i(q)
d(q) =

A

The test-packets are then chosen such that:

1 2
5 tZ];(zq) £ 0 ; ti(Zq) -0 ; tieg =0 ; tped * O
1 2 D) = 0: ti2g+l) # 0; t2(2g+l) =0
tAQq+D=(M tAQq+ )y # 0; al2q ; B

We then have:
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“easily determine the useful signal, a transition interval or guard interva
"i's defined corresponding to the start of t he packet foll owed by the useful
_part of the signal which alone wll ﬁéllized at reception In order . to

carry out the nodulation in anplltude a I'n phase, a co “““g"
conpl ex plane is*used in aj known Jmanner. ﬁ; .nention ﬁﬁi q%‘ geﬁgit
application cite®, {(Lakral tL{/BQQ ¢f cdixgrix a can He_cho&éh! erel y
rectangul ar, hexagonal or circul ar @bnstellatqq&ql Zhus, as represented in

Figure 1, the binary train issuing froma coder, not represented and
corresponding to the digitized signal to be sent S

8 (2q) = ti(Zq) t'i (2q) x 2°
Tal?
T (2q) =t ; (2q) tg (2q) x -2°
a2
g (2q) = 2 1 A"
q) = tB(Zq) t A (2q) x
1al]2
a (2q+1) = - t2 Heqe1) x £°
q tA(2q+1) t B(2q+1) X
TINTE:
B (2q+1) = - ti[2q+1) t'i(2q+1) x A
iHan?
7 (29+1) = - t}(2qe1) t'2(2qe1) x A2
| 1al2
5 (2q+1) = - t;tzqm t'fczqm x &A%
Hall 2

Thus, with a specific choice of the test-

5 packets it is possible easily to recover the signals

transmitted with cross-polarization in one and the same
ffequency band when employing OFDM type modulation.

According to another embodiment represented in

Figure 4, two circuits for calculating a fast Fourier

10 Transform 22A, 22B can be used in reception. Each

circuit is. provided on a reception track and yields

signals r"' (q) and i"' (q) respectively at output. In

this case, it is necessary to recreate the coupling

between the real parts/imaginary parggd__and the
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di spatched at the input of a constellation conversion card 1 which mat ches
the input bits grouped together by N and the points of the constellation
which are allocated to each sub-carrier. It is at the

constel | ati on/conversion circuit that Syhthfonization information together
Wi th test-packavstwainh weprésentesdr idyed thet esigndlwhi gah(are usetgfor the

equalizati on rhis51s7fcd R CAABNE! B CeRbSLIINTPI PERIE NS5 GRRl, O be
performs the following operation: THIS SHH”'HZ§7ﬁEN
REPLACED

a'(q) 1+5) " (q)

Ll
-

b'(q) 1 - 3§/ \i" (q)}

In this case also, we can write:

[athJ [atq) B(q) a'(q) « B
b(q) @) Q) b (@) where the matrix [7 GJ

10 is the same as before.

Figures 3 and 4 have been described whilst
referring to the case in which the imaginary parts are
transmitted on one track and the real parts on another

15 track. However, the invention applies also to the case
in which the signals are simply split into two, the
first N/2 being transmitted on one track and the last
N/2 on the other track.

20
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"sent. This test-packet inserted in place of a packet conveying information
" serves on reception by conparison with a reference pEfkpt tQ_determ ne

.correction coefficients to be applied to_the follow @HMSSmyﬂ'gggﬁﬁ§N Thi s
enabl es equal i zation of the channel to B8 Carried ouf. Thq@gﬂ&pout put| by
the circuit 1 are dispatched to a cirEbAIMBor cal cul at+rg—an—-hAverse flast
Fourier transform (FFT[err])[err]. The circuit for calculating an inverse
Fourier Transform has been described in Patent Application PCT/FR 89/00546
to which reférence nifosessadéoror tyansmétEangl ete dégéripefonségnpls
operation. according to OFDM (Orthogonal Frequency Division

5 Multiplexing) type multicarrier modulation using N

orthogonal channels, characterized in that the channels

are divided into two, N/2 channels corresponding to a
first frequency  band being sent via a first
transmission track according to a first polarization
10 and the remaining N/2 channels being brought back into
the same frequency band and sent via a second
transmission track according to a second polarization
crossed with respect to the first.
2. Process according to Claim 1, characterized in
15 that the digitized signal transmitted on each track
includes, periodically, test-packets allowing the send
channel to be equalized on reception.
3. Process according to Claim 2, characterized in
that two successive test-packets are transmitted per
20 track.
4. Process according to Claim 3, characterized in
that the test-packets are chosen in such a way that:

1 2 1 2
ta(2q) #0; ty(2q)=0; tg(2q) =0; tg(2q) # 0

1 2 1 2
25 tz(2g+1)=0; t3(2g+1) #0; t5(2q+1) #0; tg(2q+1) =0.

5. Transmitter for the implementation of the
process accofding to any one of Claims 1 to 4,
characterized in that it principally includes a circuit

30 for inverse fast Fourier transform (FFT"l) for N
samples, a first send track for N/2 samples and a
second send track for the remaining N/2 samples, the
two tracks allowing sending in one and the same
frequency band but with cross-polarizations.

35 6. ’ Transmitter according to Claim 5, characterized
in that each track includes at least one digital/analog

converter, one frequency transposition circuit, one

R

cet Has Been Replaced
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"The circuit 2 nakes it possible to carry out the nodul ati op_of N-cha

npe

TIre

‘on transm ssion, for exanple. of 1024 channels in 72 nicro;QQQhGﬂEE[HAS EEN
especially in the case in which it is desired to send tel ¢visi opgpACED
transnissions. In accordance with the priésent invention, ilaerger—to 1T

t he passband tdrdnititter hpropse cindlO2de chammahd, saiust detédfindz eddh i s

proposed in the gpresent | ougptenato gt e changel s Lnto dug.

di spat ch the

track essentiqally

5

10

15

20

25

30

anners-ov Tt 89nd tTack &nd

Receiver for receiving signals transmitted
according to the process of Claims 1 to 4,
characterized in that it includes two reception tracks

each able to receive the signals corresponding to N/2

to

> 1

512
channel s overp@lawigatdiarend track. As represented in Figure 1, each send

samples, transmitted in one and the same frequency band

but with cross-polarizations and a circuit for fast
Fourier transform (FFT) enabling N samples to be
processed.

8. Receiver for receiving signals transmitted
according to the ©process of Claims 1 to 4,
characterized in that it includes two reception tracks
each able to receive the signals corresponding to N/2
samples transmitted in one and the same frequency band
but with cross-polarizations, a circuit for fast
Fourier transform (FFT) enabling N/2 samples to be
processed at the output of each track and a circuit for
coupling the two circuits for fast Fourier transform
(FFT) .

9. Receiver according to either one of Claims 7
and 8, characterized in that each reception track
includes at least one antenna receiving according to a
specific polarization, one receiver  proper, one
frequency transposition circuit and one analog/digital
converter.

10. Receiver according to any one of Claims 6 to 9,
characterized in that it moreover includes means for
recognizing the test-packets.
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includes a shapbng4ghrey,t 3A, 3B, a digital/analog converter 4A, 4B, a
circuit. for transposing the baseband frequency into i ntRETyERSR/®finequency

5A, 5B and a transmitter proper 6A, 6B dispatchif¢Bthe signa

an antenna 7A, 7B. In nore detail
the data issuing fromthe circuit 2 for

Transform (FFT[err])

digital/anal og conversion circuit angdt
guard interval when using a transm ssion

i nterval, as
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f described in t@kﬁggqéﬁg%ntloned pat ent appl|cat|onlsp§Q§Hg$§%{é¥§f§

sanpl i ng frequency F and

i Ssui ng from? aping circuits 3A, 3B ﬁ%d
digital /anal og converter 4A or 4B controll ed

possible to nodul ate. The purpose of tHg<4darfsposition clrcuit

" which nmakes it possible to obtain an anal og g gnal mhlchL:H“yg £ ﬂAe
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~transmtter will be ab

leto utilize. Mreover, the tra $Rbi2gmaqiiccui t 5B
nmakés it possiUPe9961P8§ace the frequency of é?g analog&g?gnalqof this
track-down into the same frequency band as th i gnal sent via the fi
" track. These signals issuing fromthe two transposition ci i
are each dispatched to a transmtter proper 6A, 6B of c q“éhﬁﬁé
whi ch di spatches the signal to an antenna 7A and 7B. In accor&éﬂ&@
present invention, the antennae 7A and 7B transmt the sk according to
cross-pol ari zations. Thus for exanple, the signal dispatched by the antenna
7A is transmtted with
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horl zontal polarization whilst the gi; t spat ched_hy fhe ant enna 7B
ks transmtted with vertical %‘b'\%‘??éﬁ F'(F)l%, t e REPLACEMER P &HEEPE] N9

transmitted in the sanme frequency band.q@nggnﬁﬁﬂi nt -of _a_receiver Ki ng
it possible to receive a signal transnitted acdaf dijngl t s %mpr&c’ess
descri bed above will now be descri bed, Tore particul af| 3 Wit f€Ferlenice to
Figure 2. This receiver includes two reception tradgkst+n-parallel leach

consi sting of an antenna 10A, 10B, a receiver 11A {11B, an i nternmedi ate

frequency  tgpohasehend rraksuiardnenhebredrazent & cxctorBRIERbard 2
transposi tion
P TO OFDM TYPE MULTICARRIER MODULATION, TRANSMITTER AND
RECEIVER FOR THE IMPLEMENTATION OF THE SAID PROCESS

The present invention relates to a process for
transmitting a digitized signal according to OFDM
(Orthogonal Frequency Division Multiplexing) type
multicarrier modulation using N orthogonal channels.
The present invention also relates to a transmitter and
a receiver for the implementation of this process.

' In the international  Patent Application
PCT/FR 89/00546 filed in the name of THOMSON-CSF, there
is described a particularly high-performance procéss
for transmission using OFDM type multicarrier
modulation making it possible to transmit, with é high
density, a digitized signal. In the transmission
process described, a plurality of orthogonal
frequencies is used and an (amplitude/phase) or (real
part/imaginary part) pair is transmitted on each
frequency, the amplitude/phase or real part/imaginary
part pair being one-to-one equivalent to the
information to be sent. Moreover, in order to recover
at the receiver the information sent according to this
process whilst taking into account multiple echoes,
various techniques are used such as the associating
with the useful transmission interval of a transition
interval or guard interval, the use of synchronizatién
signals and especially the use of test-packets which,
on reception, enable equalization of the channels to be
pérformed. However, when wishing to use a very large
ﬁﬁmber N of channels, for example 1024 channels, there
is in this case a very large spectral occupancy.
Indeed, the frequency band used is at least 16 MHz.
This poses a number of problems in regard, for example,
to the frequency of operation of the signal processing
circtiits.

The purpose of the present invention is to
propose a novel process for transmitting a digitized
signal according to OFDM type multicarrier modulation



circuit,

13B. The outputs from the two anal og/digit 4l
di spatched through an adder 14 at the input of a pdcKet
circuit 15 and of the denodul ation circuit 16 which

12A, 12B respectively, and an anal og/ di gi la

ot ByFER BT 2

nore detail below The antennae 10A and 10B are crgss-pol ari zation

making it

-7- possible to receive-the-signal s tiramsmttedby—ttret

which enables the frequency band used to be narrowed.

The purpose of the present invention is also to
propose a process for transmitting a digitized signal
according to OFDM type multicarrier modulation using N
orthogonal channels, which can be wused equally well
with modulation of the type described in international
Patent Application PCT/FR 89/00546 as with other OFDM
type multicarrier modulations.
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Accordingly, the subject of the ©present

invention is a process for transmitting a digitized
signal according to OFDM (Orthogonal Frequency Division
Multiplexing) type multicarrier modulation using N
orthogonal channels, characterized in that the channels
are divided into two, N/2 channels corresponding to a
first frequency band being sent via a first
transmission track according to a first polarization
and the remaining N/2 channels being brought back into
the same frequency band and sent via a second
transmission track according to a second polarization
crossed with respect to the first.

By using this novel transmission process it is
possible to have a much larger number of channels for
the same frequency band. Moreover, independence between
channels is achieved owing to the fact that each
channel is orthogonal to the other channels. Thereby,
the maximum amplitude of a channel corresponds to the
zexro of all the other channels as explained in the
abovementioned PCT application. Accordingly, if there
is coupling between the two polarizations each
transporting half of the channels, on decoding, its
influence on the channels is minimized.

According to another characteristic of the
present invention, the digitized signal transmitted on
each track includes, periodically, test-packets
allowing the send channel to be equalized on reception.

This feature makes it possible to compensate in
particular for the attenuation of one polarization with
respect to the other, from the moment when the

t ennae
Wwo



antennae 7A and 7B with cross-pol ari zation. The rﬁﬂﬁgngﬁmgmijgﬁdimd
are receivers of conventional type which need not be{ detaited-he

transposition circuits 12A and 12B make it possible

0| P3ss ﬁf@%ﬁ e

i nternedi ate frequency in which the baseband signal s{1jare’ traﬁSﬂTtt d

the first reception track and baseband signals-2 for
track. The transposition circuits comsidst- essenti al
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According to a particular embodiment, two
successive test-packets are transmitted per track and

.the test-packets are chosen in such a way that:

2 1 2
(29) =0, tA(2q)=0; tB(2Q)=0; fB(2¢I)¢0

?.';'-‘Ik'-‘

2 1 2
(2q+1) 0; tA(2q+l)¢0; tB(2q+l)¢O; tB(2q+1)=0..

The present invention also relates to a
transmitter for the implementation of the above
process, characterized in that it principally includes
a circuit for célculating an inverse fast Fourier
transform (FFT-l) for N samples, a first send track for
N/2 samples and a second send track for the remaining
N/2 samples, the two tracks allowing sending in one and
the same frequency band but with cross-polarizations.

The subject of the present invention is also a
receiver for receiving signals transmitted according to
the above process, characterized in that it includes
two reception tracks each able to receive the signals
corresponding to N/2 samples, transmitted in one and
the same frequency band but with cross-polarizations
and a circuit for calculating a fast Fourier transform
(FFT) enabling N samples to be processed or, according
to a variant embodiment, a circuit for calculating a
fast Fourier transform (FFT) enabling N/2 samples to be
processed, connected ét the output of each track and a
circuit for coupling the two circuits for calculating a
fast Fourier transform (FFT).

Other features and advantages of the present
invention will emerge on reading the description given
below of various embodiments, this description being
given with reference to the attached drawings in which:
- Figure 1 is a schematic diagram of a transmitter for
the implementation = of the transmission process
according to the present invention;

- Figure 2 is a schematic diagram of a receiver for

from

r?rgaﬁgﬁﬁy %e{%gréﬁégﬁgza%lon c%cle possible to



sigﬁal into a digital signal. These two signals are added togefher. .in-
adder 14 before being dispatched to the denodul ati on pﬁEp!qﬁny@ﬁ SMEEE”1
which is identical to that described in the PCI %

cited above. As represented in Figure 2, this denoduliat pzr%jb | udejs
packets-synchro circuit 15 the purpose of which is to carﬂ$ i

t enporal chopping of the signal into packets so as to} pLovide-a—et+tet t

cal cul ati ngrééeﬁr@ﬁg 'éq'grnaqrs AR R & FAbcdPdihbh donl ehé hprysebsl pay
of the packets % uSi ng "t he synchroni zation i nformati bR-sent—tegether—w
the signal . 2¢RP¥ bégtt8I§Be|H§P§GE§ dgpvention;

- Figure 3 is a simplified schematic diagram explaining
the choice of the test-packets, and

- Figure 4 is a simplified schematic diagram of another
embodiment of the send chain according to the present
invention. '

The transmitter and the receiver which are
described below are circuits used to transmit and
receive .digitized signals, wusing OFDM (Orthogonal
Frequency Division Multiplexing) type multicarrier
modulation using N orthogonal channels. In this case

.and as described in the abovementioned PCT patent
application, the digitized signal is chopped up into a
succession of packets. The useful part of the signal is
therefore made up of N sinusoidal signals each
modulated in amplitude and in phase. In the context of
the PCT patent described above, in order to take into
account the multiple paths due to echoes and to more
easily determine the useful signal, a transition
interval or guard interval is defined corresponding to
the start of the packet followed by the useful part of
the signal which alone will be utilized at reception.
In order to carry out the modulation in amplitude and
in phase, a constellation in the complex plane is used
in a known manner. As mentioned in the patent
application cited, several types of constellations can
be chosen, namély rectangular, hexagonal or circular
constellations. Thus, as represented in Figure 1, the
binary train issuing from a coder, not represented, and
corresponding to the digitized signal to be sent is
dispatched at the input of a constellation conversion
card 1 which matches the input bits grouped together
by N and the points of the constellation which
are allocated to each sub-carrier. It is at the
constellation/conversion circuit that synchronization
information together with teét-packets which will -be
described later and which are used for the equalization

,’-Inn Jr\ |0n



the' output of the circuit for calculating the fast Fourgd
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16, a circuit 17 for detecting the t est - packets di S
i nformati on to a correction circuit 19 and an equal
charged with the cal cul ations of the correction coeffig
transmts to the correction circuit 19 a correction sid
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dnal

terf 20 h f
L ansm Lt e bt AR RRS b2 g 105, TS P FE T ERET o

PRERIAJEIAENT SHEET

IZMLIUII \I[—I \,u|1 18

|entfdm@g§hpq7

jRhg12 Ry Ry trai
~possTite-to-

carry out espreli zZhien test tmackekedinshrtedt etruapﬂ-éﬁev\m%ha packet

ch“pagkdt .

S at-ched-to—an

n

conveying information serves on reception by comparison
with a reference packet to determine correction
coefficients to be applied to the following useful
packet. This enables equalization of the channel to be
carried out. |

The data output by the circuit 1 are dlspatched
to a circuit for calculating an inverse fast Fourier
transform (FFT-1)2. The circuit for calculating an
inverse Fourier Transform has been described in Patent
Application PCT/FR 89/00546 to which reference may be
made for a more complete description of its operation.
The circuit 2 makes it possible to carry out the
modulation of N channels on transmission, for example
of 1024 channels in 72 microseconds, especially in the
case in which it is desired to send television
transmissions.

In accordance with the present invention, in
order to 1limit the passband which, in the case of
1024 channels, must be 16 MHz, it is proposed in the
present invention to split the channels into two and to
dispatch the first 512 channels over a first send track
and the last 512 channels over a second send track. As
‘represented in Figure 1, each send track essentially
includes a shaping circuit 3A, 3B, a digital/analog
converter 4A, 4B, a circuit for transposing the
baseband frequency into intermediate £frequency S5A, 5B
and a transmitter proper 63A, 6B dispatching the signal
to be sent to an antenna 7A, 7B.

In more detail, the shaping circuits 3A, 3B
serve to put the data issuing from the circuit 2 for
calculating an inverse fast Fourier Transform (FFT"1)
into the format which <can be utilized by - the
digital/analog conversion circuit and to append the
transition interval or guard interval when using a
transmission process with " a guard interval, as
described in the abovementioned patent application. The



may ‘exi st between the two pol ari zati ons. -8- A
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equal i zation of the channels while taking account of pgetpH-Rg—of

transm ssion, sending and receiving, will now be descri 3 F\xeél(?age er
to Figure 3. As represented in Figure 3, at the outjpujf of't FET[
circuit 2,
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the signal R(n) and the signmal-1(n) which

data issuing £from the shaping circulits 3A, 3B are
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dispatched to a digital/analog converter 4A or 4B
controlled by a sampling frequency F and which makes it
possible to obtain an analog signal which it will be
possible to modulate. The purpose of the transposition
circuits S5A and 5B is to transform the frequency of the
analog signal into an intermediate frequency which the
transmitter will be able to utilize. Moreover, the
transposition circuit 5B makes it possible to reduce
the frequency of the analog signal of this track down
into the same frequency band as the signal sent wvia the
first track. These signals issuing from the two
transposition circuits SA and 5B are each dispatched to
a transmitter proper 6A, 6B of conventional type which
dispatches the signal to an antenna 7A and 7B.

In accordance with the present invention, the
antennae 7A and 7B transmit the signal according to
cross-polarizations. Thus for example, the signal

dispatched by the antenna 7A is transmitted with'

horizontal polarization whilst the signal dispatched by
the antenna 7B is transmitted with vertical
polarization, these two signals being transmitted in
the same frequency band.

An embodiment of a receiver making it possible

to receive a signal transmitted according to the

process described above will now be described, more
particularly with reference to Figure 2. This receiver
includes two reception tracks in parallel, each
consisting of an antenna 10A, 10B, a receiver 11X, 11B,
an intermediate frequency to baseband 1 and

ihtermediate frequency to baseband 2 transposition

circuit, 12A, 12B respectively, and an analog/digital
converter  13A, 13B. The outputs from the two
analog/digital converters are dispatched through an
adder 14 at the input of a packet synchronization
circuit 15 and of the demodulation c¢ircuit 16 which
will be described in more detail below. The antennae
10A and 10B are cross-polarization antennae making it



corr‘espond to the real

part and to the imaginary part are transmtted on
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respectively at the circuit 2 and at the antennae 7A

Kh SHEET

JCT

transm ssion, once the steady state is reached, the f oW ng equatt
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possible to receive the signals transmittjed by the two

antennae 7A and 7B with cross-polarization. ~ThE&
receivers 11A and 11B are receivers of conventional
type which need not be detailed here. The transposition
circuits 12A and 12B make it possible to pass from the
intermediate frequency in which the baseband signals 1
are transmitted for the first reception track and
baseband signals 2 for the second reception track. The
transposition circuits consist essentially of a mixer
receiving on one of its inputs a signal, at the
transposition frequency, issuing from an oscillator.
The analog/digital converters 13A, 13B make it possible
to transform at the sampling frequency F2 the analog
signal into a digital signal. These two signals are
added together in an adder 14 before being dispatched
to the demodulation part of the system which 1is
identical to that described in the PCT patent
application cited above. As represented in Figure 2,
this demodulation part includes a packets-synchro
circuit 15 the purpose of which is to carry out the
temporal. chopping of the signal into packets so as to
provide a circuit for calculating the fast Fourier
Transform (FFT) 16 with only the useful part of the
packets by using the synchronization information sent
together with the signal. This part also includes at
the output of the circuit for calculating the fast
Fourier Transform (FFT) 16, a circuit 17 for detecting
the test-packets dispatching information to a
correction circuit 19 and an equalization circuit 18
charged with the calculations of the correction
céefficients which transmits to the correction circuit
19 a correction signal for each packet. The elements
issuing from the correction circuit are dispatched to
an interface 20 which transforms the information
received into a binary train transmitted on the line
21. The use of test-packets makes it possible to carry
out equalization and to remédy the attenuation which
may exist between the two polarizations.

r



i = Klerr] r + i Hence the signals R (n) transn-tted-w-a t he
antég%a 7A[and]théqéignafg)l' (n) are transnitted V|afﬂﬁ5A§EMeﬁﬁdﬂﬁﬁT
Signals R'(n) and 1"(n) respectively, which take infofaccoumt—tie
couplings and the multiple echoes, are received on tpe rqczpqigg)r?gwnt Enhae
10A and 10B. These signals are givgn by the §oflow ng equatijonk:
-9- - -

A way of calculating the valugf of the test-
packets to be dispatched in order to carry out correct
equalization of the channels while taking account of
coupling of transmission, sending and receiving, will
now be described with reference to Figure 3. As
represented in Figure 3, at the output of the (FFT-1)
circuit 2, the signal R(n) and the signal I(n) which
correspond to the real part and to the imaginary part
are transmitted én each track respectively.

If account is taken of the couplings which
occur respectively at the circuit 2 and at the antennae
7A and 7B, then in transmission, once the steady state
is reached, the following equations hold:

FFT-1 coupling

r(q) = L [a(q) + b-q) ]

i(q) = + %3 [aiq)-b(q)]

where

r(q) = FFT [ R{(n) ]

i(q) = FFT ( I{n) }

Antenna coupling
r' (q) = r(q) + Krg i(q)
i' (@) = Kzp r(qg) + i(q)

Hence the signals R'(n) are transmitted via the
antenna 7A and the signals I'(n) are transmitted via
the antenna 7B. Signals R"(n) and I"(n) respectively,
which take into account the couplings and the multiple
echoes, are received on the reception antennae 10A and

10B. These signals are given by the following
equations:
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[er}] or, going over tofrequency: [err] which can witte

formon putting for exanple [err] On reception, these cd
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ey =T (), R (t-tR)+Z¢§ () o1 (8- t))
R
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or, going over to frequency:

r'(q) = r’'(q) Z“:{ (q) e~ 3@ (a t))
5

+ 1’ (q) z “g (q) e J e (q, tJ)
- i ’ .
1"(q) = r’'(q) ag (q) e J o (q, tn)

3 ~1

r -
+ 1’ (q) z a% (q) e Je (q, tl)

which can written in the following form on putting for

example

CRR=Z q;(q] e‘J#’(Q. ti)

i

Crri{q) r'(q) + Cir{q) i'(q)
Crrfq) r'(ag) + Crylg) i'(q)

rn(q)
it (q)

On reception, these'couplings at the antennae
10A, 10B and at the circuit for calculating a fast

- Fourier Transform 16 <can be represented by

following equations:

- Antennae coupling

rn (q)-= rn(q) + K'IR in(q)

the



- 10 - [err] - FFT coupling a' (q) =r"" (q) +ji"" (Qq) H ke
ji"" (q) Thus at the output of the FFT 16, the set can te
matrix formas follows: [err] or, taking the inverse matrijx
- 10 =~
irt (gq) = K'gr " (@) + i"(q)
- EET coupling
a'{q) =x"' (q) + ji"' (q)
bl(q) = " (q) - jilll (q)

Thus at the output of the FFT 16,

be rewritten in matrix form as follows:

[a;(q)}={+1 J] [1 ‘in] [CRR C;
e i =) gy 1) gy &
L

R} [1 ‘m] ['zlr "%J a (q)
U K 1) iz 32) b (g

J

M(q)

or,

a(q)

taking the inverse matrix:

B(q)

alq) a’ (q)
b(q) 7(q) &(q) b’ (q)
Moreover, the signals 4(q), b(q)
at the output of the equalization circuit.
signals are such that:
b(q) v(q) &(q) b’ (q)
Now, with the equalization, signals
recovered such that:
<(q) a(q)
b(q) ‘E(q)

We must therefore estimate the matrix

1# FEB 1997

e e |

-I-'-.'”—o-..—
e

et et it

e U S

the set can

are obtained
These

are



[err] Moreover, the signals a(q), b(q) are obtained at the output of tﬂg

equalization circuit. These signals are such that: [enr
egual i zation, signal s are recovered such that: [en r“k%ﬂﬁwﬂm GEERT dr e

estinmate the matri x

14 FEB 1997
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A(q) B (@
Py )
¥ (q) g (qQ)

In accordance with the present invention, in
order to estimate this matrix, two test-packets are
transmitted per track, i.e:

A tgand we receive t'i, t'g, t'i, t'g
ta (@ =a (@t} (@ +B (@ el (q

-— I2 '2
tal@d=olq) ey (@) + B (q) £ (q)
€3 (D) =7 (@ t) (@ + 8 (@) £'] (q)
2
€5 (D) =7 (@ €5 (@) + 8 (@) &2 (g)

We put: A = t'i (q) t'g(q)- t'é(q)

and it follows that -



-11 - In accordance with the present invention, in order to estimate this

matrix, two test-packets are transmtted per track, i.eptferr]. . tlerr],
t[err], t[err] and we receive t[err], tferr], t[err] RERACGEMmSTT by
put: [err] and it follows that: - 12 - r T”o‘ﬁggir

14 FER 597

- 12 -

1 2, .2 V1
t,(q) t'glq) - ti(a) t',(q)

;(ql =
A
) t2(q) t'}(q) - ta(q) t'i(q)
glq) =
. A
X t;(q) t'g(q} - tg(q) t'llg(.q)
7{(q) =
a
) t2(q) t'1la) - to(q) t'3(q)
3(q) =

A
The test-packets are then chosen such that:
1 200 =0 ; tilg =0 ; ta@ *# O
tA(zq) # 0 ; tA(zq = i B ; B
L 2 1) # 0; t1(2q+1) # 0; t2(2q+1) =0
tA(2q+1)= 0; tal2g+ ) i tgls B

We then have:



lerr] 1 2 2 1 [err] W then have: - 13 - [err]

Thus, with a specific choice of the test- packets it i oSStbte—eas+iyt 0
recover the signals transmtted with cross-pol arizati ¢nRERLAGEMENRISHER $ane

14 FEB 1387

- 13 -
@ (29) = tl(2q) t'2 (2q) x A2
Hall?
B (2q) = t}\tzq) t'i (2q) x A1
a2
~ _ .1 2 A *
7 (2q) =t g (29) ts (2q) x 2
i1all?
& (2q) = t2(2q) t'! (2q) x A"
B A Hall?

a (2q+1) = - t2(2q+1) t'1(2q+15 x &°
A B 2
Itall
B (2q+1) = - ¢2 -1 S
q tA(2q+1) t’ (2q+1) x
A 2
Il all
7 (2q+1) = - ! 2 4
q tB(2q+1) ' o(2q+1) x
B 2
Haill
8 (2q+1) = - tl(2q+1) t'2(2q41) x A"
B A Hajt2

Thus, with a specific choice of the test-
packets it is possible easily to recover the signals
transmitted with cross-polarization in one and the same
'fréquency band when employing OFDM type modulation.

According to another embodiment represented in
Figure 4, two circuits for calculating a fast Fourier
Transform 22A, 22B can be used in reception. Each
circuit is provided on a reception track and yields
signals r"' (q) and i"' (q) respectively at output. In
this case, it is necessary to recreate the coupling

between the real parts/imaginary parts and the



frequency band when enpl oyi ng OFDM t ype nodul ation. |
.enbodi nent represented in Figure 4, two circuits for
Fourier Transform 22A, 22B can be used in reception.
provi ded on a reception track and yields signals r"'

respectively at output. In _this case, it is necessary

coupling between t he r eal parts{iggg[nary_ par%s

\REM ACEIE
SEnATERY S

E 39 £ FEY b

and the

s
(p)

A)
-

14 -

wavetrains represented by the signals a'(q),

b' (q).

This is carried out by the coupling circuit 23 which

performs the following operation:

a'(q) 1+ 5} " (q)

Qma
—

b'(q)/ \1 - j/ \i"" (q))

In this case also, we can write:

a(q) c[q) B(q) a' (q) « B
blq) - where the matrix

v(q) &(q) b’ {q)

is the same as before.

v $

Figures 3 and 4 have been described whilst
referring to the case in which the imaginary parts are
transmitted on one track and the real parts on another

track. However, the invention applies also to the case

in which the signals are simply split

into two,

the

first N/2 being transmitted on one track and the last

N/2 on the other track.



mvétraim%the signals a' (q), b'" (qg). This is carried out
by the co i Ci rcui -whi ch perforns the foll ow ng[Qperatrom—terry
this case s Shet 35@15]&
Figures 3

[ s Beameyt i b e [err] where the matrix is|t LAGRMENE
descri bed whifHsd SH@EPF}{AiSI’IEE;\ﬁ t fercase T wich
the i magi ransmtted of one hrmGler-gnd the edl L (R $9am
anot her track. Howevel ¥t he inventi o ' hej case
CLAIMS
1. Process for transmitting a digitized signal
according to OFDM (Orthogonal Frequency Division

Multiplexing) type multicarrier modulation using N
orthogonal channels, characterized in that the channels
are divided into two, N/2 channels corresponding to a
first frequency band being sent via a first
transmission- track according to a first polarization
- and the remaining N/2 channels being brought back into
the same frequency band and sent via a second
transmission track according to a second polarization
crossed with respect to the first.
2. Process according to Claim 1, characterized in
that the digitized signal transmitted on each track
includes, periodically, test-packets allowing the send
channel to be equalized on reception.

3. Process according to Claim 2, characterized in
that two successive test-packets are transmiﬁted. per
track.

4. Process according to Claim 3, characterized in

that the test-packets are chosen in such a way that:

i 2 1 2
‘tA(Zq)¢ 0; ta(2q)=0; tg(2q) =0; tg(2q)# 0

1, 1 2
tA(2q+l)=0; t§(2q+1)¢0; tB(2q+1)¢0; tB(2q+1)=0.

5. Transmitter for the implementation of the
process according to any one of Claims 1 to 4,
characterized in that it principally includes a circuit
for inverse fast Fourier transform (FFT-l) for N
samples, a first send track for N/2 samples and a
second send track for the remaining N/2 samples, the
two tracks allowing sending in one and the same
frequency band but with cross-polarizations.

6. Transmitter according to Claim 5, characterized
in that each track includes at least one digital/analog

converter, one frequency transposition circuit, one

117

= ¢ L M s x



in which the signals are sinply split into two, the first N2 being
transmtted on one track and the last N2 on the other track.

REPLACEMENT SHEET - 15- CLAIMS 1. Pr '
signal, conprising the steps of: _
said digitized signal to be transm | r BERN pbfai N
channel s corresponding to a first

e ———,
transmitter proper and one transmissio aEFenna,
antenna transmitting according to amwmgﬁétifyam_
polarization.
7. Receiver for receiving signals transmitted

according to the process of Claims 1 to 4,
characterized in that it includes two reception tracks
each able to receive the signals corresponding to N/2
samples, transmitted in one and the same frequency band
but with cross-polarizations and a circuit for fast
Fourier transform (FFT) enabling N samples to be
processed.
8. Receiver for receiving signals transmitted
according to the process of Claims 1 to 4,
characterized in that it includes two reception tracks
each able to receive the signals corresponding to N/2
samples transmitted in one and the same frequency band
but with c¢ross-polarizations, .a circuit for fast
Fourier transform (FFT) enabling N/2 samples to be
processed at the output of each track and a circuit foxr
coupling the two circuits for fast Fourier transform
(FFT) .
9. Receiver according to either one of Claims 7
and 8, characterized in that each ‘reception track
~includes at least one antenna receiving according to a
specific polarization, one receiver  proper, one
frequency transposition circuit and one analog/digital
converter.
10. Receiver according to any one of Claims 6 to 9,

characterized in that it moreover includes means for
recognizing the test-packets.

nmm WAL . " “ﬁij}iﬂ‘,i‘iimiﬁ‘T]m




splftting said N channels into two in order to divide said |arge frequency
bands into a first and a second frequency band; trgnspes+ng--said..secaond
frequency band in said first frequency band to prOV|ﬂEPEAGENWﬁHDQHEQT
frequency band; transmitting said first frequency RQa

pol ari sati on nDde and transmtting said transposed fre ﬁ?gg¥ ﬁﬁ? a
second pol arisation node. 2. A process according tg a terized
in that the digitized signal is transm_tted so that +rst~-andd sgcond
pol ari zati on nodes are provi ded on a~“cdr'réspondi ngifirst and second tjrack
and the digitized signal transmtted on each track Tnctudes-pert+odieal |y

t est - packets ddﬁgsn@ & ﬁﬂﬁ?h?n&ﬁ#gii%%u%&bﬁii Rk i on. 3.
Process acco 5 e '
TO_OFDM TYPE MULTICARRIER MODULATION, TRANSMITTER
AND RECEIVER FOR THE IMPLEMENTATION OF THE SAID PROCESS

ABSTRACT

Process for the emission of a signal digitized according to
a multicarrier modulation of the orthogonal frequency
division multiplexing (OFDM) ¢type using N orthogonal
channels. According to the invention, the channels are
divided into two, N/2 channels corresponding.to a first
frequency band being transmitted by a first emission path
(3A, 4A, 5A, 6A, 7A) according to a first polarization
while the remaining N/2 channels are brought to the first
frequency band and transmitted by a second emission path
(3B, 4B, 5B, 6B, 7B) according to a second polarization
crossed in relation to the first. Application especially
in digital high definition ‘television.

FIGURE 1.



that two successive test-packets are transmtted per track. 4. Process
according to Caim 3,

characterized in that th chosen in
"such a way that: [err] 5. Transmitter for hEEéAéﬁﬁﬁfﬁﬁiﬁggtlon of
the process according to any one of Clainms 1t characterizdd {in that it
principally includes a circuit for

i nverse fast FouﬂlfeerFEtEréﬁé’fdrm _
(FFT[err]) for N sanples, a first send track fc{m 2.sanples and ja second
send track for the remaining N2 sanpies t
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t he tracks all ow ngj sendi ng
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frequency band but with cross-polarizations. 6.
to Caimb5, characterized in that each track i nghr

Transm tter according
“ydes—at-teast-ona
di gi tal /anal og converter, one frequency transpogi BEREAGEMENT BHEDhe

- 16
- transmtter proper and one transm ssion antenna,feach anmtena
transmtting according to a sgecific pollarii zpyi eny HI7 Recei ver
for receiving signals transmtted -
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according to the process of Cainms 1 to 4, characterized in that
it includes two reception tracks each able to rfegerve~+he.signal s
corresponding to N2 sanples, transmitted in ore bﬂkﬂ&EMEﬁﬁagﬁfﬁf guency
band but with cross-polarizations and a circuit for-fast-Faur|eér {transform
FFT) enabling N sanples to be processed. 8. eENB nnd O
gignéls trangnittegpaccording pto t he 3procegs EEQ %ggﬂﬁ%ihzl to 4,
characterized in that it includes two receptioh tra ... ejfto receive
the signals corresponding to N2 sanples transfpitted in one and f he sane
frequency band

recei ving

FIG.3
FIG. 4
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But  wi th cross-polarizations, a circuit for fast 7&@%3@5{& rEhsform (FFT)
“‘enabling N 2 sanpl f sed at the output of e and a
circuit for coupfi R‘E@LA W Pﬁgﬁu'ts for fast FOLHﬁPéACEIﬁEI?ﬂ';SHE (FFT). 9.
Recei ver accordi aims 7 and 8, characterized in that.
each reception.t t” one antenna receiving according to a
speci fi cCLARB ar i Lon, ecei ver proper, one frequency

t r ansposyi, Processi igrialj cornpriising thecsteps of :10. Recei ver

ding t 9 ” . ey
accord na%ply?ngagz inverse Fourier transform to $aid digitized signal to be transmitted in order
to obtain N arthogonal channels corresponding to a first large frequency band;

splitting said N channels into two in order to divide said large frequency bands into a
first and a second frequency band;

transposing said secand frequency band in said first frequency band to provide a
transposed frequency band;

transmitting said first frequency band in a first polarisation mode; and

transmitting said transposed frequency band in a second polarisation mode.

2. A process according to claim 2, characterized in that the digitized signal is
transmitted so that sald first and second polarization modes are provided on a
corresponding first and second track and the aigitized signal transmitted on each track
includes periodically test-packets allowing the send channels to be equalized on
reception.

3. Process according to Claim 2, characterized in
that two successive test-packets are traris_mitted per
track.

4. Process accordiné‘ to Claim 3, characterized in
that the test-packets are chosen in such a way that:

. |
ta(2q) % 0; tA(2q)=0; t3(2q) = 0; t2(2q) # 0

_ ta(2g+1)=0; t2(2g+1) #0; £L(2q+1) » 0; £2(2q+1) = 0.

5. Transmitter for the implementation of the
process according to any one of Claims 1 to 4,
characterized in that it principally includes a circuit
for inverse fast Fourier transform (FFT-1l) for N
samples, a first send track for N/2 samples and a
second send track for the remaining N/2 samples, the
two tracks allowing sending in one and the same
frequency band but with cross-polarizationsl

6. Transmitter according to Claim 5, characterized
in that each track includes at least one digital/analog
converter, one frequency transpos;tlon circuit, one

R ) Iﬂl T6o% F 5§ -
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¢haracterized in hat r —TIhcl udes neans for recognizing the
test packets. | REPLACEMENT SHEET gni zi ng
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- 16 -
transmitter proper and one transmission antenna, each

antenna transmitting according to a specific
polarization.

7. Receiver for receiving signals transmitted
according to the process of Claims 1 to 4,
characterized in that it includes two reception tracks
each able to receive the signals corresponding to N/2
samples, transmitted in one and the same frequency band
but with cross-polarizations and a circuit for fast
Fourier transform (FFT) enabling N samples to be

processed.
8. Receiver for receiving signals transmitted
N . according to the process of Claims 1 to 4,

characterized in that it includes two reception tracks
each able to receive the siénals corresponding to N/2
samples transmitted in one and the same £frequency band
but with cross-polarizations, a circuit for fast
Fourier transform (FFT) enabling N/2 samples to be
processed at the output of each track and a circuit for
coupling the two circuits for fast Fourier transform
(FFT) .
9. Receiver according to either one of Claims 7
and 8, characterized in that each ‘reception track
~includes at least one antenna receiving according to a
specific polarization, one receiver proper, one
frequency transposition circuit and one analog/digital
converter.
10. Receiver according to any one of Claims 6 to 9,
characterized in that it moreofer includes means for
recognizing the test-packets.



