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Description

FIELD OF THE INVENTION

[0001] The present invention relates to multiple input
multiple output (MIMO) wireless communication sys-
tems. The invention is particularly related to but in no way
limited to MIMO wireless communication systems which
use polarisation diversity.

BACKGROUND TO THE INVENTION

[0002] A MIMO wireless communication system (see
Figure 1) is one which comprises a plurality of antennas
10 at the transmitter 11 and one or more antennas 12 at
the receiver 13. The antennas 10, 12 are employed in a
multi-path rich environment such that due to the presence
of various scattering objects (buildings, cars, hills, etc.)
in the environment, each signal, experiences multipath
propagation. Thus a cloud shape 14 is shown in Figure
1 to represent the scattered signals between the transmit
and receive antennas. User data is transmitted from the
transmit antennas using a space-time coding (STC)
transmission method as is known in the art. The receive
antennas 12 capture the transmitted signals and a signal
processing technique is then applied as known in the art,
to separate the transmitted signals and recover the user
data.
[0003] MIMO wireless communication systems are ad-
vantageous in that they enable the capacity of the wire-
less link between the transmitter and receiver to be im-
proved compared with previous systems in the respect
that higher data rates can be obtained. The multipath rich
environment enables multiple orthogonal channels to be
generated between the transmitter and receiver. Data for
a single user can then be transmitted over the air in par-
allel over those channels, simultaneously and using the
same bandwidth. Consequently, higher spectral efficien-
cies are achieved than with non-MIMO systems.
[0004] One problem with existing MIMO systems con-
cerns the large size of the transmit and receive antenna
arrays. Previously, MIMO transmit and receive antenna
arrays have used spatially diverse antenna arrays. That
is, the spacing between the individual antenna elements
is arranged to be large enough such that decorrelated
spatial fading is obtained. This is necessary in order to
prevent the number of orthogonal channels from being
reduced. That is, if the fading characteristics between
antenna elements is similar (correlated) then the number
of orthogonal channels that can be realised is reduced.
For example, for rooftop installations, or antennas on
towers, separations of up to 20 wavelengths may be re-
quired to achieve decorrelated fading due to the low angle
spread of the multipath.
[0005] Another problem with existing MIMO systems
is that they are designed for use in environments where
scattering occurs rather than for line of sight situations.
However, line of sight situations arise in many circum-

stances, such as communication between portable wire-
less devices that are close together and communication
in fixed wireless access systems in which directional ar-
rays are used at subscriber premises. This means that
it has not previously been possible to realise the potential
capacity available from MIMO systems in such line of
sight situations.
[0006] The spatial diversity arrangement in previous
MIMO systems has also meant that such systems are
incompatible with multi-beam antenna arrangements
which require closely spaced antenna arrays with no spa-
tial diversity. A multi-beam antenna arrangement is one
in which a plurality of closely spaced antenna elements
21 (see Figure 2) is used together with a beamformer 20
to form two or more directional antenna beams 23. Data
to be transmitted enters on inputs 24 and is transmitted
to a plurality of user equipment terminals 22. The antenna
element spacing is such that no spatial diversity is
present and is typically achieved with an antenna spacing
of half a wavelength. By using multiple directional anten-
na beams in this way interference between the beams is
reduced and thus downlink capacity increased. That is,
the number of user equipment terminals that can be sup-
ported by a single basestation comprising the antenna
array 21 is increased. This differs from a MIMO system
such as that illustrated in Figure 1, where downlink ca-
pacity is increased for a particular user or plurality of us-
ers by increasing the data rate to those users.
[0007] US Patent No. 5,691,727 describes an adaptive
polarisation diversity system for radio link communication
which includes a base station antenna for transmitting
either a clockwise polarised transmission or a counter
clockwise polarised transmission, the transmission In-
cluding a training pilot signal.
[0008] US Patent No. 6,114,711 describes a space
time signal processing system which comprises multiple
transmitter antenna elements and/or multiple receiver
antenna elements or multiple polarisations of a single
transmitter antenna element and/or single receiver an-
tenna element.
[0009] European patent application EP0895436 de-
scribes a beam forming apparatus and method for form-
ing a plurality of directional beams within a sector as well
as a full sector coverage beam. A first implementation Is
described which employs polarisation diversity and com-
prises an antenna having an array of dipole pairs which
are driven to form a plurality of directional beams.
[0010] An object of the present invention is to provide
a MIMO wireless communications system which over-
comes or at least mitigates one or more of the problems
noted above.
[0011] Further benefits and advantages of the inven-
tion will become apparent from a consideration of the
following detailed description given with reference to the
accompanying drawings, which specify and show pre-
ferred embodiments of the invention.
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SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present inven-
tion there is provided a multiple-input multiple-output (MI-
MO) wireless communications system wherein user data
is transmitted using a space-time coding method com-
prising:

• a plurality of transmit antenna elements for transmit-
ting the space time coded user data; and

• a plurality of receive antenna elements;

wherein the transmit antenna elements are arranged to
provide polarisation diversity and wherein the positions
of the transmit antenna elements are arranged, such that
spatial diversity is avoided; characterised in that said
transmit antenna elements are together arranged to pro-
vide a plurality of antenna beams.
[0013] This provides the advantage that because spa-
tial diversity is avoided, the transmit antenna elements
may be positioned closely to produce a compact antenna
arrangement. This is particularly important for situations
in which the antenna elements are to be incorporated
Into a hand held device such as a personal digital assist-
ant (PDA), mobile telephone or other small device. Com-
pact antenna arrangements are also advantageous for
basestation installations and other outdoor Installations
because the visual impact created is reduced. In addition,
manufacture, transport and storage costs are reduced.
[0014] This also enables MIMO communication to be
combined with multi-beam communication to improve ca-
pacity. Because spatial diversity Is not required, the inter-
element spacing can be close enough to allow multi-
beam communication.
[0015] The receive antenna elements may also be
closely spaced to avoid spatial diversity although this is
not essential.
[0016] Preferably the receive antenna elements are al-
so arranged to provide polarisation diversity and such
that spatial diversity is avoided. This provides the advan-
tage that the receive antenna elements may be posi-
tioned closely to produce a compact receiver arrange-
ment.
[0017] The antenna elements may be individual ele-
ments or may be an array of elements such as a column
array for sector coverage. Also the antenna elements
may be spaced apart or may be co-located. For example
a MIMO system with two transmit or receive antenna el-
ements can be provided where those two antenna ele-
ments are co-located, forming a dual-polar element.
[0018] Preferably each of said antenna elements is po-
larised at one of two substantially orthogonal polarisa-
tions. For example, horizontal and vertically polarised an-
tenna elements may be used. Also, It is not essential for
the transmit and receive antenna elements to be polar-
ised in the same manner. For example, the transmit an-
tenna elements can employ horizontal and vertical po-

larisation whilst the receive antenna elements employ
right and left handed circular polarisation.
[0019] Preferably the MIMO system is arranged to op-
erate at a particular wavelength and the inter-element
spacing of the transmit antenna elements Is less than
one of the particular wavelength. This enables spatial
diversity to be avoided and provides a compact transmit
antenna design. The Inter-element spacing of the receive
antenna elements may be less than one of the particular
wavelength, although this is not essential. That is the
receive antenna may have either spatial or polarisation
diversity or both.
[0020] In one example said plurality of antenna beams
comprises pairs of antenna beams, each pair comprising
a first antenna beam of a first polarisation and a second
antenna beam, substantially identical to the first but pro-
vided at a second polarisation different from the first po-
larisation. This enables a MIMO link to be provided using
each pair of antenna beams.
[0021] The MIMO wireless communications system
may for example be selected from a 2:2 and a 2:4 MIMO
system. This provides the advantage that the number of
antenna elements is relatively low and this facilitates in-
corporating those antenna elements Into portable com-
munications devices such as mobile telephones.
[0022] According to another aspect of the present in-
vention there is provided a multiple-Input multiple-output
wireless communications method comprising the steps
of:-

i) transmitting a space-time coded signal from a
transmit antenna arrangement comprising a plurality
of transmit antenna elements arranged such that po-
larisation diversity is provided and spatial diversity
is avoided; and

ii) receiving the space-time coded signal at a receive
antenna arrangement comprising a plurality of re-
ceive antenna elements characterised in that said
step (i) of transmitting further comprises operating
said plurality of transmit antenna elements to provide
a plurality of antenna beams;

[0023] This provides the advantage that a MIMO com-
munication link is effected without the need for spatial
diversity. For example, this enables a MIMO link to be
used in a line of sight situation to enhance link capacity
in those cases.
[0024] According to another aspect of the present in-
vention there is provided a device configured to transmit
space-time coded user data comprising an antenna ar-
rangement for use In a multiple-input multiple-output (MI-
MO) wireless communications system, the device being
adapted to transmit space-time coded user data, said
antenna arrangement comprising a plurality of transmit
antenna elements arranged to provide polarisation diver-
sity and wherein the positions of said transmit antenna
elements are such that spatial diversity is avoided; char-
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acterised in that said transmit antenna elements are to-
gether arranged to provide a plurality of antenna beam
using means for processing the transmitted user data in
device for the plurality of beams into provide at least one
MIMO link.
[0025] The preferred features may be combined as ap-
propriate, as would be apparent to a skilled person, and
may be combined with any of the aspects of the invention.

BRIEF DESCRIPT10N OF THE DRAWINGS

[0026] In order to show how the invention may be car-
ried into effect, embodiments of the invention are now
described below by way of example only and with refer-
ence to the accompanying figures in which:

Figure 1 is a schematic diagram of a prior art MIMO
wireless communications system;

Figure 2 is a schematic diagram of a prior art multi-
beam wireless communications system;

Figure 3 is a graph of the theoretical distributions of
the channel power gains for a 2:2 MIMO system with
space diversity antennas for the case when the bas-
estation antennas are completely correlated and the
case when there is no correlation; in addition Figure
3 shows the Rayleigh distribution for a 1:1 system;

Figure 4 is a graph of the theoretical distributions of
the channel power gains for a 2:2 MIMO system
when dual polar elements are used instead of spa-
tially separated antennas with or without polarisation
conversion being present;

Figure 5 is a graph showing the theoretical capacity
of a 2:2 space diversity MIMO system compared to
a 1:1 link in an environment with no fading for differ-
ent values of signal to noise ratio.

Figure 6 is a graph similar to Figure 5 but showing
the theoretical capacity of a 2:2 polarisation diversity
MIMO system (which has no space diversity) com-
pared to a 1:1 link in an environment with no fading.

Figure 7 is a graph of the theoretical capacity distri-
bution for a 2:2 space diversity MIMO system with
the basestation antennas (transmitter) completely
correlated and the terminal completely uncorrelated,
for different values of the signal to noise ratio.

Figure 8 is a graph similar to Figure 7 but for a 2:2
polarisation diversity MIMO system (with no space
diversity) and where there is no polarisation conver-
sion in the environment.

Figure 9 is a graph similar to Figures 7 and 8 for a
2:2 space diversity MIMO system with antenna ele-

ments completely decorrelated.

Figure 10 is a graph of empirical results; it shows
measured distributions for the power gains for the
orthogonal MIMO paths for 2:2 space and polarisa-
tion diversity configurations.

Figure 11 is a schematic diagram of a MIMO com-
munication link between two portable wireless com-
munication terminals in a personal area network.

Figure 12 is a schematic diagram of a MIMO com-
munication link in a fixed wireless access situation.

Figure 13 is a schematic diagram of a MIMO com-
munication link between a basestation and a mobile
or nomadic user terminal.

Figure 14 is a schematic diagram of a MIMO com-
munication link in a wireless local area network.

Figure 15A is a schematic diagram of an antenna
array for use at a basestation in a mobile or fixed
wireless access MIMO communications network.

Figure 15B is a schematic diagram of an antenna
beam configuration produced using the antenna ar-
ray of Figure 15A.

Figure 16 is a schematic diagram of a fixed wireless
access MIMO arrangement.

Figure 17 is a schematic diagram of the radio fre-
quency architecture of a basestation which provides
both MIMO and multi-beam communications.

Figure 18 is an antenna beam pattern for the antenna
array of Figure 17.

Figure 19 is a schematic diagram of three space-
time coding methods, space-time block coding, lay-
ered space-time and space-time trellis coding.

Figure 20 is a schematic diagram of a feedback
space-time coding method using separated
subchannels.

Figure 21 is a schematic diagram of spatial multi-
plexing space-time coding method also known as
BLAST.

Figure 22 is a schematic diagram of a beamformer
for use in an embodiment of the present invention.

DETAILED DESCRIPTION OF INVENTION

[0027] Embodiments of the present invention are de-
scribed below by way of example only. These examples

5 6 



EP 1 348 264 B1

5

5

10

15

20

25

30

35

40

45

50

55

represent the best ways of putting the invention into prac-
tice that are currently known to the Applicant although
they are not the only ways in which this could be achieved.
[0028] The term "spatial diversity" is used herein to
refer to the use of antenna spacing to obtain signals with
low correlation for fast fading. The antenna spacing re-
quired for low correlation depends on angle of arrival and
angle spread of multipath. The lower the angle spread,
the greater the spacing required.
[0029] The term "polarisation diversity" is used herein
to refer to the use of different antenna polarisations to
provide signals with low correlation. This is facilitated by
high degrees of polarisation conversion in the propaga-
tion environment. It has the advantage that two antennas
with different polarisations can share a common position.
[0030] In the examples described below, antenna el-
ements with orthogonal polarisations are used. However,
it is not essential for these polarisations to be exactly
orthogonal as long as the polarisations can be discrimi-
nated by the receiver. The term "dual polarised antenna
element" is used herein to refer to a single antenna ap-
erture which effectively has two co-located antenna ele-
ments that operate at different polarisations.
[0031] As mentioned above, previous MIMO systems
have used spatially diverse antenna arrays in order not
to reduce the number of orthogonal channels that can be
realised. The present invention recognises that this leads
to large antenna arrangement sizes, as compared to mul-
tiple beam antenna systems which use closely spaced
antenna elements. In order to provide a compact antenna
unit, whilst still allowing a MIMO system to be exploited,
the present invention recognises that polarisation diver-
sity only can be used in a MIMO system without the need
for spatially diverse antenna elements. Closely spaced
antenna elements are used and this enables a compact
MIMO antenna unit to be provided.
[0032] It is acknowledged that previous MIMO systems
have used polarisation diversity but this has always been
in addition to spatial diversity. For example, Lucent Tech-
nologies in their paper, "Practical aspects of multiple an-
tenna architectures for HSDPA", 10-13 October 2000,
R1-00-1219, describe antenna spacing requirement for
a multiple antenna architecture that uses a code re-use
scheme. They explain that sufficient spacing among the
antennas at both the base station transmitter and termi-
nal receiver are required for uncorrelated fading. They
go on to mention use of dual-polarised antennas but this
is only in addition to spatial diversity.
[0033] Because the present invention enables closely
spaced antenna elements to be used in MIMO systems
(by using polarisation diversity instead of spatial diversi-
ty) a further advantage is achieved. This is that an ar-
rangement with closely spaced antenna elements can
be created and arranged to provide both a MIMO com-
munication system and a multi-beam antenna system
which operate simultaneously. This provides increased
capacity and enables the advantages of multi-beam an-
tenna systems to be combined with those of MIMO sys-

tems.
[0034] As mentioned above, the present invention rec-
ognises that polarisation diversity only can be used in a
MIMO system without the need for spatially diverse an-
tenna elements. This is now explained in more detail.
[0035] We have found that contrary to expectations,
use of polarised antennas at the base station and the
terminal of an STC system improves the resilience or
robustness of the communications link, allows for the use
of smaller antenna structures, and has the further benefit
of maintaining multiple orthogonal channels even in a
low scattering environment where there might be a strong
line of sight component such as rural and suburban lo-
cations, and fixed wireless access applications. Prior art
STC or MIMO systems have relied on spatially decorre-
lated antennas in a rich multipath environment. We have
found that the use of polarised antennas in a MIMO sys-
tem works surprisingly better than expected and provides
the additional advantage that the STC system can oper-
ate in a low scattering environment.
[0036] This antenna configuration allows MIMO to be
employed in environments where there is a strong line-
of-sight component, or indeed, only a line-of-sight com-
ponent. This is important since it allows MIMO to be ap-
plied to fixed wireless access schemes where the sub-
scriber antenna is mounted on the outside of the user’s
premises, probably at eaves height. Also, it means that
MIMO can be applied in more benign environments, such
as rural areas.
[0037] For rich scattering environments the spatial fad-
ing normally fits a Rayleigh distribution, and this means
that as the terminal multiple antenna configuration is
moved the received signal on each element fades up and
down. This results in a variation of the gains of the or-
thogonal channels and for a 2:2 system (i.e. two antenna
elements at the transmitter and two at the receiver) em-
ploying spatially separated antennas (i.e. with spatial di-
versity) the distributions of the channel gains are shown
in Figure 3 (lines A and B). Similar distributions are found
for 2:4, 2:n (where n is any integer greater than 2) and
similar MIMO systems. Also shown in Figure 3 is the
Rayleigh distribution for a wireless link having one an-
tenna at each end (see line Z). Figure 3 assumes that
the transmit and receive antennas have decorrelated
(dissimilar) fading characteristics.
[0038] Often the angle spread at a basestation is small
and this can lead to correlated fading. Correlated fading
has the effect of reducing the gain of the weaker MIMO
channel, and in the limit, where the base antennas be-
come completely correlated, the gain of the weaker chan-
nel goes to zero. In other words for a 2:2, 2:4, 2:n or
similar MIMO system if the antennas at one end of the
link become completely correlated the number of orthog-
onal channels reduces to one. This also applies to 2:4,
2:n or similar MIMO systems. The distribution for the pow-
er gain then reduces to that shown by line C in Figure 3
(i.e. line D is not present).
[0039] If dual-polar elements are used instead of spa-
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tially separated antennas then for a 2:2, 2:4, 2:n or similar
system the second channel is never lost. This is because
in a Rayleigh fading environment the fading characteris-
tics for different polarisations are always decorrelated.
Taking a limiting case we assume no polarisation con-
version in the environment but assume that multipath
scattering still occurs in the environment. Two orthogonal
paths exist in this case because of the two orthogonal
polarisations. Therefore, the same two polarisations are
used at both ends of the link. At any instant in time the
stronger channel is simply the receive element with the
largest received signal level. The distribution of the power
gain for the strongest and weakest channels are then as
shown in Figure 4 lines E and F. These are shown com-
pared to the distributions for a polarisation diversity con-
figuration with no polarisation conversion (in Figure 4
lines A and B) where the antennas at the transmit and
receive ends have decorrelated fading. The main point
is that even with no polarisation conversion there remain
two orthogonal channels, suggesting that the use of po-
larisation is more robust than using space diversity.
[0040] MIMO systems normally start with the require-
ment of a rich scattering environment from which multiple
orthogonal channels are extracted. This aspect of the
invention starts from the opposite direction, by starting
with an antenna configuration which already has orthog-
onal paths even in the absence of any multipath. Multi-
path scattering in the environment then perturbs the sys-
tem from this initial state, and some space-time process-
ing can be applied to retrieve the orthogonal channels.
The difference is that with the existing MIMO systems
which rely on space diversity, as the multipath scattering
is reduced the multiple orthogonal channels disappear.
With the current invention, as the multipath scattering is
reduced, multiple orthogonal channels are retained.
[0041] MIMO systems have been developed with
space diversity in mind because of the desire to use many
antennas at each end of the radio link. However, for real
systems the number of antennas to be used at each end
of the link is likely to be limited to between two to four.
One embodiment of this invention starts by considering
the case where two antenna elements are employed at
each end of the link. We observe that if we employ two
spatially separated antennas at each end of the link and
there is no fading then the antennas at each end will be
completely correlated. In this case the best that we can
do is to achieve 3dB power gain from the two element
arrays at each end of the link resulting in a total of 6dB
increase in the signal-to-noise ratio. This means that the
capacity achieved compared to a link with a single an-
tenna at each end is as shown in Figure 5 (for different
values of signal-to-noise ratio, SNR).
[0042] In contrast, if dual-polar elements are employed
at each end of the link then two orthogonal paths already
exist. Consequently, data can be transmitted in parallel
over these two orthogonal paths. For example, if a ver-
tically polarised element and a horizontally polarised el-
ement is used at each end, then the two orthogonal paths

are the vertical-to-vertical link and the horizontal-to-hor-
izontal link. In this case then the capacity of the 2:2 po-
larisation diversity MIMO system compared to a link with
a single (co-polarised) antenna at each end of the link is
shown in Figure 6. One can see that much higher capacity
gains are now achieved at locations where there is a high
signal-to-noise ratio (>6dB). This effect is also found for
a 2:4, 2:n or similar MIMO system. Strictly we should
compare the results to the case where we have two co-
polarised elements at each end which are used for beam-
forming. The results for this case actually correspond ex-
actly to the 2:2 space diversity results shown in Figure
5, where we have a 3dB array gain at each end of the
link. Then comparing the results in Figure 5 and Figure
6 it can be seen that the capacity for polarisation diversity
configuration is less than the space diversity configura-
tion for an SNR of 0dB. The highest gains are obtained
from MIMO with high SNR’s.
[0043] Another advantage to note here is that dual-
polar elements can be co-located, and so if one can have
two spatially separated antennas then one can just as
easily have two spatially separated dual-polar elements.
In the environment with no fading the spatial separation
cannot provide any more orthogonal channels for MIMO,
but the extra gain (6dB; 3dB from each end) can be used
to improve the SNR which will provide extra capacity gain.
Taking this further, MIMO can be applied to fixed wireless
access systems employing outdoor directive eaves
height subscriber antennas, by employing dual polar an-
tenna elements at both the base and subscriber anten-
nas. The outdoor antenna is required typically to avoid
the high penetration losses associated with RF (radio
frequency) penetration into buildings. Mounting at eaves
height means that often there is a strong line-of-sight to
the basestation. Consequently, directional antennas are
used to maximise the signal-to-noise ratio, and minimise
interference to the rest of the network. However, in these
low fading environments the link capacity can be signif-
icantly increased by combining 2:2, 2:n or similar polar-
isation diversity MIMO with the high gain subscriber an-
tennas and the basestation antenna.
[0044] Let us consider now perhaps a suburban or ru-
ral environment and a mobile terminal, i.e. some form of
handheld device. In the given environments the angle
spread at the basestation in particular may well be low,
such that for a space diversity MIMO configuration the
correlation between the antennas may well be high. For
the polarisation diversity case, the correlation between
antennas will be low, and the polarisation conversion may
also be low. Consequently, there will be a distribution of
values for the capacities of the two orthogonal paths and
these are shown in Figure 7 and Figure 8. For the space
diversity case it has been assumed that there is very little
angle spread at the basestation and so the basestation
antenna elements are completely correlated. For the po-
larisation diversity case the antenna elements at both
ends are completely decorrelated, but it has been as-
sumed that there is no polarisation conversion in the en-
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vironment. Clearly, the capacity achieved with the polar-
isation diversity arrangement is greatest. Note that the
distributions of the power gains for these cases are
shown in Figure 3 and Figure 4.
[0045] Finally, if one looks at a rich multipath environ-
ment such that the space diversity elements become
decorrelated at both ends, and again Rayleigh fading is
assumed for all paths, then the capacity distribution ob-
tained is as shown in Figure 9.
[0046] In this environment the polarisation conversion
is likely to be quite high. If we assume that the cross-
polar ratio goes to 0dB then the capacity curves for the
2:2 polarisation diversity MIMO configuration reduce ex-
actly to that shown in Figure 9, and the two configurations
become equivalent. This also occurs for a 2:4, 2:n or
similar polarisation diversity MIMO configuration.
[0047] Measurements for a 2:2 MIMO system have
clearly shown that polarisation diversity performs better
than space diversity antenna configurations. This finding
is extendable to 2:n MIMO systems and other suitable
MIMO configurations. The measurements were taken us-
ing an outdoor basestation and an indoor subscriber ter-
minal in a suburban environment. The results for the pow-
er gains of the two orthogonal MIMO paths are shown in
Figure 10. The path gains for the polarisation diversity
antenna configuration are higher than that obtained for
the space diversity antenna configuration. Note that a 10
wavelength separation was used for antennas at the bas-
estation and a 0.5 wavelength separation for antennas
at the subscriber for the space diversity configuration.
Thus the measurements clearly show that polarisation
diversity is more robust than space diversity.
[0048] As mentioned above, one advantage of MIMO
systems which use only polarisation diversity instead of
spatial diversity, is that line of sight situations can be ac-
commodated. Four examples of situations in which MI-
MO systems with only polarisation diversity can be used
are now described with reference to Figures 11 to 14 and
many of these involve line of sight situations. In each of
these examples, the antenna configurations are com-
bined with any suitable space-time coding scheme to pro-
vide a MIMO system.
[0049] Figure 11 shows two wireless portable devices
111, 112 such as portable digital assistants (PDAs) or
laptop computers which are arranged to communicate
with each other using a MIMO system that uses only po-
larisation diversity. Any suitable portable devices may be
used and communication may be between different such
portable devices. A plurality of polarised antenna ele-
ments are integrated into each portable wireless device
111, 112. Any suitable type of polarisation may be used
such as horizontal/vertical polarisation, left and right
handed circular polarisation, � 45° polarisation or any
other type. Each portable device 111; 112 has antenna
elements which are either dual polarised i.e. operate at
two different polarisations, or has pairs of antenna ele-
ments each member of such pairs being substantially
orthogonally polarised with respect to the other member

of the pair. The antennas could for example be printed
dual-polar patch antennas, crossed dipole/monopole
type elements, crossed slots or even right and left handed
circularly polarised antennas.
[0050] Any suitable number of antenna elements can
be used at each portable device and there may be more
antenna elements at one of the devices than the other.
However, in a preferred example, two dual polar antenna
elements are used at each device, or two elements at
one device and four at the other.
[0051] In the example shown in Figure 11 a horizontal
(H) and vertical (V) polarised antenna element is used
at each portable device. The resulting MIMO system pro-
vides two orthogonal channels indicated by arrows V-V
and H-H in Figure 11. Because of scattering in the envi-
ronment some polarisation conversion occurs and this is
indicated by dotted arrows V-H and H-V in Figure 11. In
this situation, the portable devices are typically close to-
gether (e.g. <10m apart) so that there is a high probability
that a strong line of sight exists. However, because MIMO
with polarisation diversity as opposed to spatial diversity
is used such line of sight MIMO communication is effec-
tive.
[0052] Figure 12 shows a fixed wireless access system
with a basestation antenna 120 comprising a plurality of
antenna elements 121 and a directional subscriber an-
tenna 122 also comprising a plurality of antenna ele-
ments 123. The antenna elements in each case may be
dual-polar or polarised as described with reference to
Figure 11. Also as for Figure 11 any suitable number of
antenna elements may be used however, preferably a 2:
2 or 2:4 MIMO system is provided with horizontal (H) and
vertical (V) polarisation. The directionality of the subscrib-
er array 122 increases the signal to noise ratio and the
2:2 MIMO system forms two parallel orthogonal channels
(H-H, V-V in Figure 12). Even though a strong line of sight
situation is involved the use of MIMO with polarisation
diversity rather than spatial diversity enables effective
communication to be established.
[0053] Figure 14 shows an indoor wireless local area
network (WLAN) basestation 140 which is shown as be-
ing ceiling mounted but which could be positioned in any
suitable location. This basestation 140 communicates
with a PC 141 which has a plurality of polarised antenna
elements. In this example, a separate wireless modem
142 is used which is connected to the PC141. The wire-
less modem 142 has integral dual-polar antenna ele-
ments. This is just one example however, the antenna
elements may be of any suitable type and connected to
or integral with any suitable type of terminal. The bases-
tation 140 also has a plurality of polarised antenna ele-
ments and communicates with the user terminal 140 via
a MIMO link. There is the possibility of strong line of sight
situations, particularly in large open plan offices as well
as large amounts of multipath scattering. The use of an-
tenna elements of two polarisations ensures that there
are at least two orthogonal paths at all locations with re-
spect to the basestation. This also applies in the case
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that the basestation is outside and the user close to the
basestation.
[0054] Figure 13 shows a basestation antenna array
130 comprising a plurality of polarised antenna elements.
MIMO communication with a mobile or nomadic user ter-
minal 131 occurs with that user terminal also having a
plurality of polarised antenna elements as described
above. In such a situation polarisation conversion is usu-
ally low, line-of-sight paths often exist and angle spreads
are often low at both ends of the link. By using MIMO
with polarisation diversity only (i.e. without spatial diver-
sity) then link capacity can be increased as compared
with using MIMO with spatial diversity only. In addition
the antenna elements can be closely spaced and this
enables them to be more easily integrated into a mobile
terminal or other user terminal where space is restricted.
[0055] In another example, the basestation of Figure
13 is modified to provide multiple antenna beams in ad-
dition to MIMO communication. This allows capacity to
be further increased as compared with using MIMO com-
munication alone. This is explained in more detail with
reference to Figures 15A and 15B which show one ex-
ample of how a MIMO system with polarisation diversity
but not spatial diversity can be combined with a multi-
beam antenna system.
[0056] As mentioned above with reference to Figure
2, multi-beam antenna systems require closely spaced
antenna elements, for example which have a spacing of
one half a wavelength. Figure 15A shows an example of
a basestation antenna array 150 with such closely
spaced antenna elements 151. In this case each antenna
element is a column of six polarised antenna elements.
Six such columns are used with a spacing of half a wave-
length in azimuth. Two beam formers are used in con-
junction with this array in order to form three antenna
beams at each of two polarisations as illustrated in Figure
15B. One beamformer forms three antenna beams A1,
A2, A3 at one polarisation, say + 45° whilst the other
beamformer forms three antenna beams B1, B2, B3 at
another polarisation say - 45°. Any suitable type of beam-
formers may be used such as the modified Butler Matrix
beamformer illustrated in Figure 22.
[0057] Figure 22 is a schematic diagram of a modified
Butler Matrix beamformer. This shows a six by six Butler
Matrix 222 which is implemented with a planar structure
comprising a concentric layout of hybrid couplers, readily
realised in triplate. Three antenna beams (A, B, C) are
generated by pairing up adjacent beam ports as shown.
This is described in more detail in our co-pending US
patent application number 09/394,835 which is also as-
signed to Nortel Networks and which is incorporated
herein by reference. A particular advantage of using such
beamformers is that insertion loss is minimised.
[0058] The basestation is also arranged to use space-
time coding over pairs of antenna beams such that beams
A1, B1 are used to form a first MIMO communications
link with a subscriber station 152 whilst beams A2, B2
form a second MIMO link with subscriber station 153 (or

any other suitable subscriber station serviced by beams
A2, B2) and beams A3, B3 form a third MIMO link with
any subscriber stations (e.g. 154) serviced by beams A3,
B3.
[0059] Because polarisation diversity only is used for
the MIMO system it is possible to combine a MIMO and
multi-beam arrangement in this way. This gives the ad-
vantage of increased capacity because to first order, the
capacity gains from multi-beam and MIMO systems are
independent. The resulting hybrid system shares the
benefits of both approaches.
[0060] A particular embodiment of a combined MIMO
and multi-beam arrangement is now described which is
suited to either mobile or fixed wireless applications. Fig-
ure 16 shows the case when a fixed wireless application
is involved. A basestation 160 provides a communica-
tions link to a customer premises equipment (CPE) 161
comprising four polarised antenna elements with four re-
ceiver chains and two transmitter chains. The basesta-
tion is preferably tri-sectored and in each sector a three
beam output on two polarisations is provided with 2-
branch MIMO transmission on the downlink as described
with reference to Figures 15A and 15B.
[0061] Figure 17 shows the basestation (BTS) archi-
tecture. A six-column, cross-polarised antenna array 170
is provided on each facet of the basestation and is com-
mon to both downlink and uplink designs. Each antenna
facet serves a single sector of the basestation’s cell and
uses twin radio frequency (RF) beamformers in order to
provide three beam outputs on both of the two polarisa-
tions. It is also possible to provide different numbers of
beam outputs. For example, four beams per sector gives
greater capacity but at the expense of requiring more RF
feeder cables and more up-converter and down-convert-
er modules. Any suitable beamformers can be used and
in a preferred example orthogonal 6-way modified Butler
Matrix beamformers (e.g see Figure 22) are used which
provide a low loss solution (an orthogonal beamformer
is in itself nominally lossless) and give suitable
beamwidths, cross-over between adjacent beams and
side lobe levels. Figure 18 shows the resulting beam pat-
terns plotted, for comparison purposes, along with a con-
ventional 65° beamwidth full sector pattern (see line 180)
that is consistent with a tri-cellular deployment. This
beam pattern was obtained for a 45° angled dipole ele-
ment array and shows three main beams 181, 182, 183.
The advantage of the beam pattern obtained is that the
degree to which adjacent beams overlap is reduced in
order to minimise the interference experienced in a sig-
nificant proportion of the sector, especially at close rang-
es. Low cross-over or cusping levels are therefore ad-
vantageous along with suppressed sidelobes. The
beams are relatively narrow (about 25° beamwidth or
less) and spaced about every 40°.
[0062] Preferably the beamformers are integral with
the antenna facet because this eliminates the need for
active phase calibration through the RF chain. However,
this is not essential. Beamformers that are not integral in
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this way can be used.
[0063] In addition to the multi-beam sectorisation, 2-
branch MIMO transmission on the downlink is provided.
MIMO transmission is accomplished by making use of
the polarised antenna array 170. Identical beam sets are
formed on the two orthogonal polarisations and trans-
mission is then coded across corresponding pairs of
beams using any suitable space-time coding scheme.
Such an approach provides the benefit of both multi-
beam and STC from a single, compact antenna aperture.
[0064] On the uplink the same multibeam configuration
as for the downlink is preferably used with polarisation
diversity. The beam directivity provides significant inter-
ference reduction. Subscribers located at beam cusps
will tend to suffer degraded link performance compared
with subscribers located at the peak of the beam. How-
ever, degradation is minimised by coherently combining
adjacent beam outputs (on both polarisations) to achieve
enhanced gain and increased diversity benefit.
[0065] The present invention is particularly concerned
with the downlink (basestation to mobile) or other user
terminal where capacity loading is likely to be greatest,
for example in provision of services to end users such
as web pages and internet applications.
[0066] As mentioned above, any suitable type of
space-time coding method may be used. For example
space-time block coding (STBC) as illustrated in the top
layer of Figure 19; layered space-time (BLAST) which is
more applicable to fixed or nomadic applications and is
illustrated in the middle layer of Figure 19; and space-
time trellis coding (STTC) which is suitable for both mo-
bile and fixed applications and is illustrated in the bottom
layer of Figure 19.
[0067] Another suitable method is that of feedback
space-time coding with separated subchannels as illus-
trated in Figure 20. This type of feedback or eigen-mode
STC simplifies the receive processing by decoupling par-
allel streams of the transmitter. It requires feedback of
MIMO channel weights from receive to transmit and is
most suitable for low-Doppler fixed or nomadic applica-
tions.
[0068] Spatial multiplexing space-time coding can also
be used as illustrated in Figure 21. In this method, inde-
pendent coded data streams are sent to different transmit
antennas. The receiver is required to carry out spatial
processing to separate the different transmissions. This
requires distinct spatial signatures at the receiver and
performance is limited by the minimum eigen values of
HH* where H is the channel matrix. When the eigen val-
ues are imbalanced, performance is poorer than for ei-
gen-mode STC but the feedback requirement is vastly
reduced.
[0069] In the embodiments described above in which
MIMO and multi-beam systems are combined, a space-
time coding MIMO communications method is used for
each antenna beam link. For example, consider the case
with three antenna beams, each at two polarisations. One
of those antenna beams, and the corresponding beam

at the other polarisation serve one or more subscribers
or users that are located within a geographical area
served by those beams. MIMO, space-time coded com-
munications between the base station and those users
occurs via the pair of antenna beams. By using MIMO,
the communications rate to those users can be in-
creased. The same occurs for users in the geographic
regions served by the other two pairs of antenna beams.
Thus capacity is increased as compared with using three
pairs of antenna beams with no MIMO communications.
[0070] It is also possible however, to simultaneously
provide both MIMO space-time coded communications,
and non-MIMO, non-space-time coded communications
from one or more of the antenna beams. This is advan-
tageous in that legacy user equipment which is non-MI-
MO compliant is operable whilst at the same time MIMO
compliant user equipment can be used. The user or sub-
scriber equipment is arranged to be able to distinguish
between MIMO and non-MiMO communications packets
using any suitable method, such by having different car-
rier frequencies for the two types of signal. The bases-
tation is arranged to multiplex the MIMO and non-MIMO
packets such that both these types of communication are
transmitted from the basestation simultaneously.
[0071] Any range or device value given herein may be
extended or altered without losing the effect sought, as
will be apparent to the skilled person for an understanding
of the teachings herein.
[0072] A range of applications are within the scope of
the invention. These include situations in which it is re-
quired to provide a MIMO wireless communications sys-
tem which operates without spatial diversity but instead
with polarisation diversity. For example, in line of sight
situations or in cases where MIMO and multi-beam sys-
tems are to be combined.

Claims

1. A multiple-input multiple-output (MIMO) wireless
communications system wherein user data is trans-
mitted using a space-time coding method compris-
ing:

(i) a plurality of transmit antenna elements (151)
for transmittting the space-time coded user data;
and
(ii) a plurality of receive antenna elements;

wherein the transmit antenna elements are arranged
to provide polarisation diversity and wherein the po-
sitions of the transmit antenna elements are ar-
ranged, such that spatial diversity is avoided; char-
acterised in that said transmit antenna elements
are together arranged to provide a plurality of anten-
na beams (A1, A2, A3, B1, B2, B3).

2. A MIMO wireless communications system as
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claimed in claim 1 wherein each of said transmit an-
tenna elements is polarised at one of two first sub-
stantially orthogonal polarisations.

3. A MIMO wireless communications system as
claimed in claim 2 wherein each of said receive an-
tenna elements is polarised at one of two second
substantially orthogonal polarisations.

4. A MIMO wireless communications system as
claimed in claim 3 wherein said two first substantially
orthogonal polarisations are different from said two
second substantially orthogonal polarisations.

5. A MIMO wireless communications system as
claimed In claim 1 wherein said plurality of transmit
antenna elements comprises one or more dual-po-
lar-elements each such dual-polar-element being
two co-located antenna elements operable from a
single antenna aperture.

6. A MIMO wireless communications system as
claimed in any preceding claim wherein said plurality
of transmit antenna elements Is provided by an an-
tenna array (150).

7. A MIMO wireless communications system as
claimed in any preceding claim which is arranged to
operate at a particular wavelength and wherein the
inter-element spacing of the transmit antenna ele-
ments Is less than one of the particular wavelength.

8. A MIMO wireless communications system as
claimed in any preceding claim which is arranged to
provide non-MIMO communications In addition to
MIMO communications.

9. A MIMO wireless communications system as
claimed In claim 1 wherein seld plurality of antenna
beams are provided using one or more beamformers
(222) integral with the transmit antenna elements.

10. A MIMO wireless communications system as
claimed in any preceding claim wherein said plurality
of antenna beams comprises pairs of antenna
beams (A1, B1), each pair comprising a first antenna
beam (A1) of a first polarisation and a second an-
tenna beam (B1), substantially Identical to the first
but provided at a second polarisation different from
the first polarisation.

11. A MIMO wireless communications system as
claimed In claim 10 wherein each of said pairs of
antenna beams is arranged to provide a two-branch
MIMO input.

12. A MIMO wireless communications system as
claimed in any preceding claim which Is selected

from a 2:2 and a 2:4 MIMO system.

13. A MIMO wireless communications system as
claimed in any preceding claim which is selected
from a fixed wireless access system, a personal area
network, a wireless local area network, and a mobile
communications network.

14. A MIMO wireless communications system as
claimed in any preceding claim wherein each of said
transmit antenna elements comprises a column of
antenna elements.

15. A multiple-input multiple-output wireless communi-
cations method comprising the steps of:-

(i) transmitting a space-time coded signal from
a transmit antenna arrangement comprising a
plurality of transmit antenna elements (151) ar-
ranged such that polarisation diversity is provid-
ed and spatial diversity is avoided; and
(ii) receiving the space-time coded signal at a
receive antenna arrangement comprising a plu-
rality of receive antenna elements ;

characterised in that said step (i) of transmitting
further comprises operating said plurality of transmit
antenna elements to provide a plurality of antenna
beams (A1, A2, A3, B1, B2, B3).

16. A method as claimed in claim 15 which further com-
prises:

(i) positioning the transmit antenna arrangement
and the receive antenna arrangement such that
a line of sight path is present between those two
arrangements; and
(ii) using said transmit antenna arrangement to
transmit the space-time coded signal to the re-
ceive antenna arrangement at least partly along
said line of sight path.

17. A method as claimed in claim 15 or claim 16 which
further comprises transmitting a non-space-time
coded signal from the transmit antenna arrangement
simultaneously with the space-time coded signal.

18. A device configured to transmit space-time coded
user data, said device comprising an antenna ar-
rangement for use in a multiple-input multiple-output
(MIMO) wireless communications system the device
being adapted to transmit space-time coded user da-
ta, said antenna arrangement comprising a plurality
of transmit antenna elements (151) arranged to pro-
vide polarization diversity and wherein the positions
of said transmit antenna elements are such that spa-
tial diversity is avoided; characterized in that said
transmit antenna elements are together arranged to
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provide a plurality of antenna beams (A1, A2, A3,
B1, B2, B3), using means for processing the trans-
mitted user data in the device for the plurality of
beams to provide at least one MIMO link (A1, B1).

19. The device as claimed in claim 18 wherein the an-
tenna arrangement is arranged to operate at a par-
ticular wavelength and wherein the inter-element
spacing of the transmit antenna elements is less than
one of the particular wavelength.

20. The device as claimed in claim 18 or claim 19 where-
in the antenna arrangement is also suitable for use
in a non-MIMO communications system simultane-
ously with use in the MIMO communications system.

Patentansprüche

1. Drahtloses Multieingangs-Multiausgangs-Kommu-
nikationssystem (MIMO), wobei Benutzerdaten un-
ter Verwendung eines Raum-Zeit-Codierverfahrens
übertragen werden, welches aufweist:

(i) mehrere Übertragungsantennenelemente
(151) zum Übertragen der raum-zeit-codierten
Benutzerdaten; und
(ii) mehrere Empfangsantennenelemente;

wobei die Übertragungsantennenelemente einge-
richtet sind, Polarisations-Diversity bereitzustellen,
und wobei die Positionen der Übertragungsanten-
nenelemente eingerichtet sind, so dass räumliche
Diversity vermieden wird; dadurch gekennzeich-
net, dass die Übertragungsantennenelemente zu-
sammen eingerichtet sind, mehrere Antennenstrah-
len (A1, A2, A3, B1, B2, B3) bereitzustellen.

2. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 1, wobei jede der Übertragungsantennenele-
mente bei einer von zwei ersten im Wesentlichen
orthogonalen Polarisationen polarisiert ist.

3. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 2, wobei jede der Empfangsantennenele-
mente bei einer von zwei zweiten im Wesentlichen
orthogonalen Polarisationen polarisiert ist.

4. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 3, wobei die beiden ersten im Wesentlichen
orthogonalen Polarisationen von den beiden zweiten
im Wesentlichen orthogonalen Polarisationen ver-
schieden sind.

5. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 1, wobei die mehreren Übertragungsanten-
nenelemente ein oder mehrere Dual-Polar-Elemen-
te aufweisen, wobei jedes derartige Dual-Polar-Ele-

ment zwei vermittlungsseitige Antennenelemente
am gleichen Aufstellungsort sind, die von einer ein-
zigen Antennenapertur betreibbar sind.

6. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, wobei die
mehreren Übertragungsantennenelemente durch
eine Antennengruppe (150) vorgesehen sind.

7. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, welches ein-
gerichtet ist, bei einer bestimmten Wellenlänge zu
arbeiten, und wobei der Interelementabstand der
Übertragungsantennenetemente kleiner ist als eine
der bestimmten Wellenlänge.

8. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, welches ein-
gerichtet ist, Nicht-MIMO-Kommunikation zusätzlich
zu MIMO-Kommunikation bereitzustellen.

9. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 1, wobei die mehreren Antennenstrahlen vor-
gesehen sind, wobei ein oder mehrere Strahlenbild-
ner (222) verwendet werden, die mit den Übertra-
gungsantennenelementen integriert sind.

10. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, wobei die
mehreren Antennenstrahlen Paare von Antennen-
strahlen (A1, B1) aufweisen, wobei jedes Paar einen
ersten Antennenstrahl (A1) einer ersten Polarisation
und einen zweiten Antennenstrahl (B1) aufweist, der
im Wesentlichen identisch mit dem ersten, jedoch
bei einer zweiten Polarisation vorgesehen ist, die
von der ersten Polarisation verschieden ist.

11. Drahtloses MIMO-Kommunikationssystem nach An-
spruch 10, wobei jedes der Paare der Antennen-
strahlen eingerichtet ist, ein Zwei-Zweig-MIMO-Ein-
gangssignal bereitzustellen.

12. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, welches aus
einem 2:2- und einem 2:4-MIMO-System ausge-
wählt wird.

13. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, welches aus
einem festen drahtlosen Zugriffssystem, einem per-
sönlichen Bereichsnetzwerk, einem drahtlosen loka-
len Bereichsnetzwerk und einem mobilen Kommu-
nikationsnetzwerk ausgewählt wird.

14. Drahtloses MIMO-Kommunikationssystem nach ei-
nem der vorhergehenden Ansprüche, wobei jede der
Übertragungsantennenelemente eine Säule von An-
tennenelementen aufweist.
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15. Multieingangs-Multiausgangs-Drahtloskommunika-
tionsverfahren, welches folgende Schritte aufweist:

(i) Übertragen eines raum-zeit-codierten Si-
gnals von einer Übertragungsantennenanord-
nung, welche mehrere Übertragungsantennen-
elemente (151) aufweist, die so eingerichtet
sind, dass Polarisations-Diversity vorgesehen
wird und räumliche Diversity vermieden wird;
und
(ii) Empfangen des raum-zeit-codierten Signals
bei einer Empfangsantennenanordnung, die
mehrere Empfangsantennenelemente auf-
weist;

dadurch gekennzeichnet, dass der Schritt (i) zum
Übertragen außerdem das Betreiben der mehreren
Übertragungsantennenelemente umfasst, um meh-
rere Antennenstrahlen (A1, A2, A3, B1, B2, B3) be-
reitzustellen.

16. Verfahren nach Anspruch 15, welches außerdem
aufweist:

(i) Positionieren der Übertragungsantennenan-
ordnung und der Empfangsantennenanordnung
derart, dass ein Sichtlinienpfad zwischen diesen
beiden Anordnungen vorhanden ist; und
(ii) Verwenden der Übertragungsantennenan-
ordnung, um das raum-zeit-codierte Signal zur
Empfangsantennenanordnung zumindest teil-
weise längs des Sichtlinienpfads zu übertragen.

17. Verfahren nach Anspruch 15 oder 16, welches au-
ßerdem das Übertragen eines nicht-raum-zeit-co-
dierten Signals von der Übertragungsantennenan-
ordnung simultan mit dem raum-zeit-codierten Si-
gnal umfasst.

18. Einrichtung, die konfiguriert ist, raum-zeit-codierte
Benutzerdaten zu Übertragen, wobei die Einrichtung
eine Antennenanordnung zur Verwendung in einem
drahtlosen Multieingangs-Multiausgangs-Kommu-
nikationssystem (MIMO) umfasst, wobei die Einrich-
tung eingerichtet ist, raum-zeit-codierte Benutzerda-
ten zu übertragen, wobei die Antennenanordnung
mehrere Übertragungsantennenelemente (151) auf-
weist, die eingerichtet sind, Polarisations-Diversity
bereitzustellen, und wobei die Positionen der Über-
tragungsantennenelemente so sind, dass räumliche
Diversity vermieden wird; dadurch gekennzeich-
net, dass die Übertragungsantennenelemente zu-
sammen eingerichtet sind, mehrere Antennenstrah-
len (A1, A2, A3, B1, B2, B3) unter Verwendung einer
Einrichtung zum Verarbeiten der Übertragungsbe-
nutzerdaten in der Einrichtung für die mehreren
Strahlen bereitzustellen, um zumindest eine MIMO-
Verbindung (A1, B1) bereitzustellen.

19. Einrichtung nach Anspruch 18, wobei Antennenan-
ordnung eingerichtet ist, bei einer bestimmten Wel-
lenlänge zu arbeiten und wobei der Interelementab-
stand der Übertragungsantennenelemente kleiner
ist als eine der bestimmten Wellenlänge.

20. Einrichtung nach Anspruch 18 oder 19, wobei die
Antennenanordnung außerdem zur Verwendung bei
einem Nicht-MIMO-Kommunikationssystem simul-
tan mit der Verwendung im MIMO-Kommunikations-
system geeignet ist.

Revendications

1. Système de télécommunications sans fil à entrées
multiples-sorties multiples (MIMO), dans lequel des
données d’utilisateur sont transmises à l’aide d’un
procédé de codage spatio-temporel, comprenant :

(i) plusieurs éléments (151) d’antenne émettrice
pour émettre les données d’utilisateur à codage
spatio-temporel ; et
(ii) plusieurs éléments d’antenne réceptrice ;

les éléments d’antenne émettrice étant agencés
pour assurer une diversité de polarisation, et les po-
sitions des éléments d’antenne émettrice étant
agencées de façon qu’une diversité spatiale soit
évitée ; caractérisé en ce que lesdits éléments
d’antenne émettrice sont agencés les uns par rap-
port aux autres pour produire une pluralité de fais-
ceaux (A1, A2, A3, B1, B2, B3) d’antenne.

2. Système de télécommunications sans fil MIMO se-
lon la revendication 1, dans lequel chacun desdits
éléments d’antenne émettrice est polarisé sur l’une
de deux premières polarisations sensiblement ortho-
gonales.

3. Système de télécommunications sans fil MIMO se-
lon la revendication 2, dans lequel chacun desdits
éléments d’antenne réceptrice est polarisé sur l’une
de deux secondes polarisations sensiblement ortho-
gonales.

4. Système de télécommunications sans fil MIMO se-
lon la revendication 3, dans lequel lesdites deux pre-
mières polarisations sensiblement orthogonales
sont différentes desdites deux secondes polarisa-
tions sensiblement orthogonales.

5. Système de télécommunications sans fil MIMO se-
lon la revendication 1, dans lequel ladite pluralité
d’éléments d’antenne émettrice comporte un ou plu-
sieurs éléments à double polarité, chaque élément
à double polarité de ce type étant deux éléments
d’antenne co-localisés, pouvant fonctionner à partir
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d’une seule ouverture d’antenne.

6. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, dans lequel ladite pluralité d’éléments d’antenne
émettrice est fournie par un réseau d’antenne (150).

7. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, agencé pour fonctionner à une longueur d’onde
particulière, et dans lequel l’espacement entre élé-
ments des éléments d’antenne émettrice est infé-
rieur à une de la longueur d’onde particulière.

8. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, agencé pour assurer des communications d’un
système autre que MIMO en plus de communica-
tions MIMO.

9. Système de télécommunications sans fil MIMO se-
lon la revendication 1, dans lequel ladite pluralité de
faisceaux d’antenne est réalisée en utilisant un ou
plusieurs conformateurs (222) de faisceaux faisant
corps avec les éléments d’antenne émettrice.

10. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, dans lequel ladite pluralité de faisceaux d’anten-
ne comporte des paires de faisceaux (A1, B1) d’an-
tenne, chaque paire comportant au moins un premier
faisceau (A1) d’antenne à une première polarisation
et un deuxième faisceau (B1) d’antenne, sensible-
ment identique au premier mais dans une deuxième
polarisation différente de la première polarisation.

11. Système de télécommunications sans fil MIMO se-
lon la revendication 10, dans lequel chacune desdi-
tes paires de faisceaux d’antenne est agencée pour
produire une entrée MIMO à deux branches.

12. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, choisi entre un système MIMO 2/2 et un système
MIMO 2/4.

13. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, choisi entre un système à accès sans fil fixe, un
réseau personnel, un réseau local sans fil et un ré-
seau de télécommunications mobiles.

14. Système de télécommunications sans fil MIMO se-
lon l’une quelconque des revendications précéden-
tes, dans lequel chacun desdits éléments d’antenne
émettrice comporte une colonne d’éléments d’an-
tenne.

15. Procédé de télécommunications sans fil à entrée
multiple-sortie multiple, comprenant les étapes con-
sistant à :

(i) émettre un signal à codage spatio-temporel
depuis un dispositif d’antenne émettrice com-
portant une pluralité d’éléments (151) d’antenne
émettrice agencés de façon qu’une diversité de
polarisation soit assurée et qu’une diversité spa-
tiale soit évitée ; et
(ii) recevoir le signal à codage spatio-temporel
dans un dispositif d’antenne réceptrice compor-
tant une pluralité d’éléments d’antenne
réceptrice ;

caractérisé en ce que ladite étape (i) d’émission
comporte en outre le fonctionnement de ladite plu-
ralité d’éléments d’antenne réceptrice pour produire
une pluralité de faisceaux (A1, A2, A3, B1, B2, B3)
d’antenne.

16. Procédé selon la revendication 15, comprenant en
outre les étapes consistant à :

(i) disposer le dispositif d’antenne émettrice et
le dispositif d’antenne réceptrice de façon
qu’une liaison en visibilité directe existe entre
ces deux dispositifs et
(ii) utiliser ledit dispositif d’antenne émettrice
pour émettre le signal à codage spatio-temporel
vers le dispositif d’antenne réceptrice au moins
partiellement sur ladite liaison en visibilité direc-
te.

17. Procédé selon la revendication 15 ou la revendica-
tion 16, comprenant en outre une étape consistant
à émettre un signal à codage non spatio-temporel
depuis le dispositif d’antenne émettrice en même
temps que le signal à codage spatio-temporel.

18. Dispositif configuré pour émettre des données d’uti-
lisateur à codage spatio-temporel, ledit dispositif
comprenant un dispositif d’antenne destiné à servir
dans un système de télécommunications sans fil à
entrées multiples-sorties multiples (MIMO), le dispo-
sitif étant apte à émettre des données d’utilisateur à
codage spatio-temporel, ledit dispositif d’antenne
comprenant une pluralité d’éléments (151) d’anten-
ne émettrice agencés pour assurer une diversité de
polarisation, et dans lequel les positions desdits élé-
ments d’antenne émettrice sont telles qu’une diver-
sité spatiale est évitée ; caractérisé en ce que les-
dits éléments d’antenne émettrice sont agencés les
uns avec les autres pour fournir une pluralité de fais-
ceaux (A1, A2, A3, B1, B2, B3) d’antenne, utilisant
des moyens pour traiter les données d’utilisateur
émises dans le dispositif pour la pluralité de fais-
ceaux afin d’assurer au moins une liaison MIMO (A1,
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B1).

19. Dispositif selon la revendication 18, dans lequel le
dispositif d’antenne est agencé pour fonctionner à
une longueur d’onde particulière, et dans lequel l’es-
pacement entre éléments des éléments d’antenne
émettrice est inférieur à une de la longueur d’onde
particulière.

20. Dispositif selon la revendication 18 ou la revendica-
tion 19, dans lequel le dispositif d’antenne se prête
également à une utilisation dans un système de té-
lécommunications différent du système MIMO en
même temps qu’à une utilisation dans le système de
télécommunications MIMO.
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