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number of radiators, to be formed from a given number of radiators, which may advantageously allow for an increased transmit/receive
data rate and/or improved control of the radiation profile of a transmit array.
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ANTENNA ARRAY

Field of the Disclosure

The present disclosure relates to an antenna array for a wireless communication device and a
method for operating an antenna array for a wireless communication device, a base station for a
wireless communication network comprising an antenna array, and a wireless communication

network comprising a base station.

Background of the Disclosure

Many standards for wireless communications in licensed frequency bands, such as Long-Term
Evolution (LTE) use multi-antenna techniques, also known as multiple-input multiple-output
(MIMO). A base station in such a system is equipped with multiple antennas, which increases the
spatial resolution of the radiation profile of the base station and provides an energy-efficient way
to serve multiple user equipments in the same time-frequency resource. To maximise the spatial
resolution of the radiation profile of the base station it can be desirable to increase the number of
antennas in the base station. However, practical constraints may limit the number of radiating

elements with which the base station can be equipped.

Summary of the Disclosure
An object of the present disclosure is to provide an antenna array suitable for wireless radio-
frequency (RF) communications. The antenna array should be compact and suitable for generating

a variety of radiation patterns.

The foregoing and other objects are achieved by the features of the independent claims. Further

implementation forms are apparent from the dependent claims, the description and the Figures.

In general terms, the antenna array described in detail below enables a relatively greater number
of sub-arrays to be formed from a given number of radiators. This, in turn, allows for increased
spatial resolution of the radiation profile of the base station despite a limitation on the number of

radiators.

A first aspect of the present disclosure provides an antenna array (105) for a wireless
communication device (102), comprising: a two-dimensional array (203) of radiators configured
as a plurality of sub-arrays (301 — 308) of radiators, each sub-array being configured for coupling
to a respective radio chain (206), wherein the two-dimensional array (203) includes one or more

radiators (203a) that are common radiators of a first and second sub-array (301, 305) of radiators.
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Each sub-array of radiators is configured for coupling to a respective radio chain, ¢.g. inputs of
radiators of each sub-array are electrically coupled to be suitable for coupling to a common radio
chain. One or more of the radiators are configured to be common to a least a first and second of
the sub-arrays, i.¢. the common radiators are electrically coupled with radiators of each of those
sub-arrays such that the common radiators may be coupled to both to a radio chain feeding the
first sub-array and a radio chain feeding the second sub-array. The common radiators may thus
be independently controlled by a radio chain of each of the first sub-array and the second sub-
array. Each of the one or more common radiators could, for example, comprise a single radiating
element, that is fed by different radio chains, for example, by a first radio chain of the first sub-
array and by a second radio chain of the second sub-array. Alternatively, each of the common
radiators could comprise plural co-located radiating elements, for example, each radiator could
comprise first and second co-located radiating elements, each of the co-located radiating elements

forming a part of a respective sub-array.

In other words, at least the first and second sub-arrays, i.¢. first and second antennas, may utilise
the same, one or more, radiator(s) in their respective sub-arrays. In this configuration, for a given
number of radiators, which may be practically constrained by aperture size for a given radiator
spacing, and a given number of radiators per sub-array, which may be similarly constrained by a
desire to maintain given gain, data-rate, spatial diversity and/or directivity characteristics for each
sub-array, the invention facilitates forming of a relatively greater number of sub-array s/antennas
than if each of the radiators were utilised by only a single sub-array. For an antenna array formed
by the sub-arrays, the greater number of sub-arrays may advantageously enable an increased
transmit/receive data-rate and/or increased spatial resolution of the radiation profile of a transmit

array.

In this specification, the term ‘sub-array’ is used to define a subset of an array of radiators, i.c.
more than one radiator of an array but fewer than the entire array of radiators. The term ‘radio
chain’ is used to mean circuitry for transmitting and/or receiving a radio frequency signal using
the radiators, e.g. a transmitter, or a receiver, or a transceiver device. A radio chain may further

comprise circuitry for processing the radio-frequency signal.

In an implementation, the one or more common radiators are multi-mode radiators. In other
words, the radiator may be a single radiating element comprising multiple radio-frequency input
ports which excite different characteristic modes. This may advantageously allow for the radiator
to be utilised by sub-arrays emitting at mutually different radio frequencies. Further, a multi-mode

radiator may advantageously allow for relatively simple coupling of the radiator to radio chains
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of multiple sub-arrays, by coupling of each radio chain to a respective one of the multiple input

ports.

In an implementation, each of the one or more common radiators comprises a power divider
having an output port coupled to an input of the common radiator and first and second input ports
for coupling to first and second radio chains respectively. The power divider may thus
advantageously allow convenient combining of input signals from multiple radio chains into a

single input port of a radiator.

In an implementation, the power divider is a hybrid coupler. A hybrid coupler may

advantageously maintain high isolation between the input ports.

In an implementation, the first sub-array and the second sub-array are non-parallel. Radiation
patterns generated by parallel sub-arrays, i.c. by sub-arrays in which axes of the sub-arrays
extending in an average direction of the radiators of each sub-array are parallel, are
disadvantageously susceptible to high correlation. In comparison, radiation patterns produced by
non-parallel, for example, mutually perpendicular, sub-arrays are most spatially different, i.c. best
de-correlated, which may advantageously reduce cross-talking between different channels and

thereby improve transmission/reception of different data streams.

In an implementation, the first sub-array and the second sub-array are mutually perpendicular. In
other words, the first and second sub-arrays may be oriented such that respective axes of the first
and second sub-arrays, extending in an average direction of the radiators of the first and second
sub-arrays respectively, are mutually perpendicular. For example, the two-dimensional array may
comprise a square array of radiators arranged in linear rows and columns, the first sub-array may
comprise radiators arranged along a row of the array, and the second sub-array may comprise
radiators arranged along a column of the array. In this configuration, the radiation patterns
produced by the sub-arrays may be most spatially different, which advantageously allows for a

high degree of de-correlation between the respective emissions of the sub-arrays.

In an implementation, one or both of the first sub-array and the second sub-array is diagonally-
oriented. In other words, the radiators of a sub-array may be arranged diagonally across the array.
For a rectangular array, the diagonal dimension is the longest dimension, such that the radiators
will be spaced over a greatest distance in the diagonal dimension. The increased length dimension
of diagonally-oriented sub-arrays may advantageously enable a radiation pattern to be formed by
the sub-array having a higher directivity, which may increase the spatial resolution of the antenna

array. The diagonally-oriented sub-array(s) may extend a full diagonal dimension of the array of
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radiators, i.c. the sub-array(s) may comprise radiators located at diametrically opposite corners of
the array, which may advantageously maximise the length of the sub-array. i.e. the distance

between radiators of the sub-array.

In an implementation, the plurality of sub-arrays comprise a plurality of column-oriented sub-
arrays and a plurality of row-oriented sub-arrays, each column-oriented sub-array comprising
radiators arranged along a column of the two-dimensional array, and each row-oriented sub-array
comprising radiators arranged along a row of the two-dimensional array, wherein for each
column-oriented sub-array and each row-oriented sub-array the two-dimensional array comprises
one or more radiators that are common to the respective column-oriented sub-array and the
respective row-oriented sub-array. In other words, each column of radiators may be configured
as a sub-array and each row of radiators may be configured as a further sub-array. This
arrangement may most efficiently share radiators in the array between different sub-arrays,
thereby resulting in a maximum number of sub-arrays for a given number of radiators in the two-
dimensional array. This may thus advantageously further improve the transmit/receive data rate
of the two-dimensional array and/or the degree of control of the radiation profile of a transmit

two-dimensional array.

In an implementation, the antenna array comprises a further two-dimensional array of radiators,
each radiator of the further two-dimensional array being co-located with a radiator of the two-
dimensional array, and each radiator of the further two-dimensional array having a polarisation

different to a polarisation of the co-located radiator of the two-dimensional array.

In other words, the antenna array may comprise dual-polarised radiators formed by two arrays of
oppositely-polarised radiators. For example, the radiators of the two-dimensional array may be
horizontally polarised, and the radiators of the further two-dimensional array may be vertically
polarised. Signals with orthogonal polarisation are less susceptible to mutual interference in the
near-field of the radiators. Co-located, oppositely polarised, radiators of a transmit array may be
deployed for transmitting a same data set to similarly oppositely polarised radiators of a receive
array. This may advantageously increase the data robustness of the transmission, as each receive
radiator may receive a copy of the data set via its correspondingly polarised signal. Furthermore,

the greater number of sub-arrays may provide increased spatial resolution.

In an implementation, the antenna array comprises a plurality of radio chains, each radio chain
being coupled to a sub-array of the radiators. For example, the antenna array may comprise a first

radio chain coupled to radiators of the first sub-array, and a second radio chain coupled to
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radiators of the second sub-array. The sub-arrays of radiators may thus be independently

controlled by their respective radio chains, to thereby function as independent antennas.

In an implementation, each of the one or more radiators that are common radiators of a first and
second sub-array of radiators comprises a first radiating element and a second radiating element,
the first radiating element forms part of the first sub-array of radiators and the second radiating
element forms part of the second sub-array of radiators. In this arrangement, an increased number
of radiating elements may be formed by a given number of radiators, thereby advantageously
allowing forming of an increased number of sub-arrays of radiators for the given number of
radiators in an array. For example, in this implementation each radiator of the two-dimensional
array could comprise a first radiating element and a second radiating element, the first radiating
element of each radiator could form part of a sub-array, such as the first sub-array, and the second
radiating element of each radiator could form a part of a further sub-array, such as the second sub-

array.

A second aspect of the present disclosure provides a base station for a wireless communication
network, the base station comprising an antenna array as defined in any one of the preceding
statements for wirelessly communicating with remote user equipment. The relatively greater
number of sub-arrays facilitated by the disclosure for a given number of radiators may
advantageously increase uplink/downlink capacity between the base station and remote user
equipment, thereby facilitating serving of an increased number of remote user equipment devices
by the base station, and furthermore may provide increase spatial resolution of the radiation

profile.

A third aspect of the present disclosure provides a method of operating an antenna array for a
wireless communication device, the antenna array comprising a two-dimensional array of
radiators, the two-dimensional array comprising one or more radiators that are common radiators
of a first and second sub-array of radiators, the one or more common radiators being common to
the first and the second sub-array, the method comprising: generating a first radio-frequency
emission using a first radio chain coupled to the first sub-array of the radiators, and generating a
second radio-frequency emission using a second radio chain coupled to the second sub-array of

the radiators.

In other words, the method comprises generating first and second radio-frequency emissions
using first and second antennas respectively, the first antenna comprising the first radio chain and

the first sub-array of radiators, and the second antenna comprising the second radio chain and the
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second sub-array of radiators, where the first and second sub-arrays of the first and second

antennas respectively utilise one or more common radiators for the respective radio emissions.

By this method, for a given number of radiators in the two-dimensional array, which number may
be practically constrained by aperture size for a given radiator spacing, and for a given number of
radiators per sub-array, which number may be similarly constrained by a desire to maintain given
gain, data-rate, spatial diversity and/or directivity characteristics for each sub-array, the invention
facilitates the deployment of a relatively greater number of sub-arrays/antennas than if each of
the radiators were utilised by only a single sub-array. For an antenna array formed by the sub-
arrays, the greater number of sub-arrays achieved by the method may advantageously enable the
an increased transmit/receive data-rate and/or increased spatial resolution of the radiation profile

of a transmit array.

In an implementation, the method comprises generating the first radio-frequency emission and
the second radio-frequency emission simultancously. Generating the two radio-frequency
emissions simultancously may advantageously reduce the time required for emission of the two
signals, thereby advantageously increasing the uplink/downlink capacity of the antenna array over

a single time-frequency resource.

In an implementation, the method may comprise using the first radio-frequency emission as a
carrier for a first data-set, and the second radio-frequency emission as a carrier for a second,
different, data-set. Using the sub-arrays to transmit different data sets simultaneously may
advantageously increase the achievable data rate of transmission. Because the emissions are
generated at different radio frequencies, correlation between the signals may advantageously be

reduced.

In an implementation, the method may comprise coupling the first radio chain and the second
radio chain to the one or more radiators common to the first sub-array and the second sub-array
by a power divider having an output port coupled to the radiator and first and second input ports
coupled to the first and second radio chains respectively. The power divider may thus
advantageously allow convenient combining of input signals from multiple radio chains into a
single input port of a radiator. For example, the power divider could be a hybrid coupler. A hybrid

coupler may advantageously maintain high isolation between the input ports.

These and other aspects of the invention will be apparent from the embodiment(s) described
below.
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Brief Description of the Drawings

In order that the present invention may be more readily understood, embodiments of the invention
will now be described, by way of example, with reference to the accompanying drawings, in
which:

Figure 1 shows schematically an example of wireless communication network embodying an
aspect of the invention comprising a base station in wireless communication with remote user

equipment;

Figure 2 shows schematically an antenna array of the base station of the wireless network

comprising a two-dimensional array of radiators coupled to a plurality of radio chains;

Figure 3 shows schematically a first configuration of the two-dimensional array of radiators of

the antenna array;

Figure 4 shows schematically a second configuration of the two-dimensional array of radiators of

the antenna array;

Figure 5 shows a first coupling of radio chains to a radiator of the two-dimensional array;

Figure 6 shows a second coupling of radio chains to the radiator of the two-dimensional array;

Figure 7 shows schematically a method for operating the base station of the wireless network to

transmit signals to, and receive signals from, the remote user equipment;
Figure 8 shows schematically an exemplary alternative antenna array of the base station of the
wireless network comprising an array of dual-polarised crossed-dipole radiator structures forming

first and second two-dimensional arrays of radiators coupled to a plurality of radio chains; and

Figure 9 shows schematically a configuration of the first and second two-dimensional arrays of

radiators of the example alternative antenna array.

Detailed Description of the Disclosure

A wireless communication network 101 embodying an aspect of an invention of the present

disclosure is illustrated schematically in the Figures.
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Referring firstly to Figure 1, the wireless communication network 101 comprises a base station,
indicated generally at 102, in wireless communication with remote user equipment 103. Base
station 102 comprises a mast 104 supporting an antenna array 105 at a height above ground level.
Remote user equipment 103 comprises a hand-held cellular telephone handset 106. Handset 106
comprises one or more internal antennas, each of the one or more antennas comprising a radiator
and radio chain pair. The base station 102 and telephone handset 103 are configured to
communicate via radio-frequency transmission, for example, via radio communication operating

according to the Long-Term Evolution (LTE) telecommunications standard.

Referring secondly in particular to Figure 2, the antenna array 105 comprises a radiator assembly,

indicated generally at 201, and RF circuitry, indicated generally at 202.

Radiator assembly 201 comprises a plurality of discrete radiators 203, arranged as an N-by-M
rectangular array, N and M being integer numbers greater than or equal to two, i.e. N> 2 and M
> 2. In the example, there are sixteen radiators, including radiators 203a to 2031, arranged as a
four-by-four square array, on a planar base 204. In the example each of the radiators 203

comprises a singularly-polarised, specifically a horizontally-polarised, dipole radiating element.

RF circuitry 202 comprises a baseband processor module 205, a plurality of radio chains 206 (in
the example eight radio chains RF 1 to RF 8), and a coupler module 207. An input of baseband
processor module 205 is coupled to a baseband signal source. Outputs of the baseband processor
module 205 are coupled to a respective one of the radio chains 206. The baseband processor
module 205 is thus operable to receive and process a baseband signal, and output representations
of the processed RF signal to each of the radio chains 206. In the example, each radio chain 206,
comprises a radio transceiver and an RF frequency amplifier coupled in series with the radio

transceiver. An input of each radio chain 206 is coupled to an output of the processor module 205.

An output of each radio chain 206 is coupled to an input of coupler module 207. Each radio chain
206 is thus operable to receive and controllably amplify the baseband signal representation,
generate a radio-frequency alternating current carrying a baseband signal component, and output
the amplified radio-frequency alternating current to an input of the coupler module 207. The
coupler module 207 comprises manually configurable circuits for coupling the radio chains 206
to inputs of the radiators 203 of the radiator assembly 201. Inputs of the coupler module 207 are
coupled to outputs of the radio chains 206. Outputs of the coupler module 207 are coupled to
inputs of the radiators 203 of the radiator assembly 201. In the example, the coupler module 207
has sixteen outputs, each of the sixteen outputs being coupled to a respective one of the radiators

203, such that the radiators 203 are individually addressed by the coupler module 207. The coupler
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module 207 is thus operable to couple the radio chains 206 to the radiators 203 to thereby apply

radio frequency alternating currents generated by the radio chains 206 to the radiators 203.

Referring next in particular to Figures 3 and 4, the coupler module 207 is configurable to couple
each of the radio chains 206 to sub-arrays, i.¢. groups, of the radiators 203 of the radiator assembly

201, by coupling each input of the coupler module 207 to four outputs of the coupler module 207.

In a first configuration, illustrated in Figure 3, each of the radio chains 206 is coupled to a sub-
array of four of the radiators 203, such that the radiator assembly 201 is configured to form eight
independently controlled sub-arrays 301 to 308. Sub-arrays 301 to 304, coupled to radio chains
RF 1 to RF 4 respectively, are formed by radiators arranged in a respective row of the array. For
example, sub-array 301, coupled to radio chain RF 1, is formed by radiators 203a, 203b, 203¢ and
203d. Sub-arrays 305 to 308, coupled to radio chains RF 5 to RF 8 respectively, are formed by
radiators arranged in a respective column of the array. For example, sub-array 305, coupled to

radio chain RF 5, is formed by radiators 203a, 203e, 203f and 203g.

In the second configuration, illustrated in Figure 4, each of the radio chains 206 is again coupled
to a sub-array of four of the radiators 203, such that again the radiator assembly 201 forms eight
independently controlled sub-arrays 401 to 408. In this second configuration each of the sub-
arrays comprises four radiators 203 arranged in a two-by-two square array. For example, sub-

array 401, coupled to radio chain RF 1, is formed by radiators 203b, 203¢, 203h and 203i.

It will be observed that, in the exemplary configurations illustrated in Figures 3 and 4, at least a
portion of radiators 203 of the radiator assembly 201 are shared between, i.c. utilised separately
by, different sub-arrays. In the configuration of Figure 3, each radiator 203 of the assembly 201
is shared between a row-oriented sub-array and a column-oriented sub-array, for example,
radiator 203a is shared between horizontally oriented sub-array 301 and vertically oriented sub-
array 305. Similarly, in Figure 4, several of the radiators are shared between multiple sub-arrays.
For example, radiator 203h is shared by three different sub-arrays, namely, sub-array 401, sub-
array 402, and sub-array 405. Configuring the radiators 203 to form a part of more than one sub-
array simultaneously advantageously allows for a relatively greater number of four-radiator sub-
arrays to be formed from the radiator assembly 201 than is possible by a conventional

configuration in which each radiator is accessible by only a single radio chain.

In this respect, the disclosure may have particular utility in a wireless communication system,

such as a communication system operating in accordance with the LTE standard, operating using
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a multi-antenna technique, such as multiple-input multiple output (MIMO) system, and even a

Massive MIMO (M-MIMO) system.

In particular where the radiating structure forms a part of a M-MIMO system, the number of sub-
arrays required to achieve a desirably high degree of control of the radiation profile of the array
may be especially great. However, the maximum size of the radiating structure, and so the
available arca for the radiator array, is often constrained, for example, due to restricted ground
arca for installation of the radiating structure, as may be experienced commonly where the
radiating structure is installed in a densely populated city location. Further, it is typically
impermissible, or at least undesirable, to attempt to populate the available array area with a greater
number of radiators by reducing the spacing between radiators, because densifying the radiators
may result in radiation patterns from the sub-array undesirably become highly correlated. These
factors may thus place an upper limit on the number of radiators which may be disposed in an
array. Furthermore, it is typically undesirable to form additional sub-arrays simply by reducing
the number of radiators in each sub-array, as reducing the number of radiators in a sub-array may
reduce the gain, directivity, and/or spatial diversity characteristics of the radiation of each sub-
array. These factors may thus place a lower limit on the number of radiators which may form a
sub-array. The disclosure however overcomes these practical limitations, by configuring radiators

of the array to be shared between one or more sub-arrays.

Thus, by the disclosure, for a given number of radiators in an array, and a given number of
radiators per sub-array, a relatively greater number of sub-arrays may be formed with radiators of
the array. The relatively greater number of sub-arrays may advantageously allow for improved
control of the radiation profile of the array of radiators, thereby improving the ability of the
antenna array to form a spatially selective beam for transmission of (and reception of) RF signals
to (and from) remote user equipment, ¢.g. for improved beamforming performance, thereby

allowing for increased cell throughput.

Referring next to Figure 5, in the example each of the radiators 203 of the array, such as radiator
203a, is a multi-mode radiator comprising multiple independent input ports for coupling to
respective output ports of the coupler module 207. For the configuration described with reference
to Figure 3, in which each radiator 203 of the radiator assembly 201, for example, radiator 203a
is coupled to first and second radio chains, for example, radio chains RF 1 and RF5, a first input
of the multi-mode radiator is coupled to a first output port of the coupler module 207, and a second
input port of the multi-mode radiator is coupled to a second output port of the coupler module
207. The multi-mode radiator may thereby be excited by radio-frequency alternating current

generated by each of the coupled radio chains, for example, radio chains RF 1, RF 5.

10
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Referring next to Figure 6, in an alternative embodiment, radiators 203 of the array, such as
radiator 203a, may comprise a single input port, and may comprise a signal combining device,
such as hybrid coupler 601, coupled to the input of the radiator 203. The signal combining device
may receive signals from two or more radio chains, for example, from radio chains RF 1 and RF
5, and combine the signals for application to the radiator 203. The signal combining device, for
example, the hybrid coupler, could be integrated into the coupler module 207, such that outputs

of the coupler module 207 are coupled in series with outputs of the hybrid couplers.

Referring, to Figure 7, an exemplary method for operating the antenna array 105 to communicate

wirelessly with remote user equipment, such as handset 106, is depicted schematically.

At step 701, the RF circuitry 202 is coupled to the radiators 203 of the radiator assembly 201. At
step 702, an input baseband signal is received by the baseband processor module 205. At step 703
the baseband processor module 205 performs signal processing operations on the baseband signal,
for example, power amplification operations, under the control of an external computing device
(not shown in the Figures). At step 704, the processed baseband signal is fed to the radio chains,
which produce respective radio-frequency alternating currents. At step 705, the hybrid coupler
207 is manually configured to couple the radio chains 206 to radiators 203 of the radiator
assembly 201 to form the desired number and shape of sub-arrays. For example, for the
configuration described with reference to Figure 3, the hybrid coupler 207 is configured to couple
an output of radio chain RF 1 to respective inputs of radiators 203a, 203b, 203¢ and 203d, and an
output of radio chain RF 5 to respective inputs of radiators 203a, 203¢, 203f and 203g. At step
706, the radio-frequency alternating current signals generated by the radio chains 206 are applied
to the radiators 203 to excite respective radio emissions in a frequency band tuned with receive
circuitry of remote handset 106. Finally, at step 707, the RF circuitry 202 is set to listen for a radio
signal generated by the remote handset 106.

Referring next to Figures 8 and 9, in an alternative embodiment of the invention the radiator
assembly 201° comprises an array of dual-polarised radiator structures 203°, for example, radiator
structures 203a’ to 203g’, first RF circuitry 202’ for supplying radio-frequency alternating current
to a first singularly polarised radiator of each radiator structure 203°, and second RF circuitry 801
for supplying radio-frequency alternating current to a second singularly polarised radiator of each

radiator structure 203°.

In the illustrated alternative embodiment, a first two-dimensional array of radiators and a further

two-dimensional array of radiators are implemented as an array of crossed-dipole radiator
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structures 203°. Each dipole element of each crossed-dipole radiator structure functions as an
independently controllable radiator coupled to one or more radio chains of the RF circuitry 202’
or 801. The first and second RF circuitry 202, 801 are substantially alike, and indeed identical to
RF circuitry 202 described previously with reference to Figures 1 to 7, and like reference numerals

will be used to denote like features.

Each of the dual-polarised radiator structures 203” comprises a crossed-dipole structure formed
of two co-located independent dipole radiating elements arranged mutually orthogonally.
Referring in particular to Figure 9, a first dipole radiating element of each crossed-dipole radiating
structure 203° is coupled to first RF circuitry 202°, and thus forms a first four-by-four two-
dimensional array of radiators. A second dipole radiating element of each crossed dipole radiating
structure 203’ is coupled to second RF circuitry 801, and thus forms a further four-by-four two-
dimensional array of radiators. A first radiating element of each radiator structure 203’ is coupled
to a first one of the radio chains, to thereby form a part of a first sub-array of radiators. A second
radiating element of each radiator structure 203’ is coupled to a second one of the radio chains,
to thereby form a part of a second sub-array of radiators. For example, radio chain RF 1 of first
RF circuitry 202 is coupled to a first dipole radiator element of radiator structures 203a’, 203b’,
203¢’ and 203d’, thereby forming a first sub-array of radiators, whilst radio chain RF 9 of second
RF circuitry 801 is coupled to a second, relatively cross-polarised, dipole radiating element of

radiator structures 203a’, 203b’, 203¢” and 203d’, thereby forming a second sub-array of radiators.

Each of the dipole radiating elements of each of the crossed-dipole radiator structures 203 is
similarly shared between two sub-arrays for excitation by radio chains associated with the sub-
arrays. For example, a first dipole radiating element of radiator structures 203a’, 203b’, 203¢” and
203d’ is coupled to radio chain RF 1 and a respective one of radio chains RF 5, RF 6, RF 7 and
RF 8, and a second dipole radiating element of the radiator structures 203a’, 203b’°, 203¢’ and
203d’ is coupled to radio chain RF 9 and a respective one of radio chains RF 13, RF 14, RF 15
and RF 16.

Thus, in the embodiment, the array of sixteen crossed-dipole radiator structures 203° form sixteen
independently controllable sub-arrays of radiators, 901 to 916, each sub-array comprising four

singularly-polarised dipole radiators.
Although the present invention and its advantages have been described in detail, it should be

understood that various changes, substitutions and alterations can be made herein without

departing from the spirit and scope of the invention as defined by the appended claims._In the
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claims, the word “comprising” does not exclude other elements or steps, and the indefinite article

€, 9

a” or “an” does not exclude a plurality.
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Claims
1. An antenna array (105) for a wireless communication device (102), comprising:

a two-dimensional array (203) of radiators configured as a plurality of sub-arrays (301 —
308) of radiators, each sub-array being configured for coupling to a respective radio chain (206),
wherein

the two-dimensional array (203) includes one or more radiators (203a) that are common

radiators of a first and second sub-array (301, 305) of radiators.

2. An antenna array as claimed in claim 1, wherein the one or more common radiator are

multi-mode radiators.

3. An antenna array as claimed in claim 1, wherein each of the one or more common
radiators comprises a power divider (601) having an output port coupled to the radiator and first

and second input ports for coupling to first and second radio chains respectively.

4. An antenna array as claimed in claim 3, wherein the power divider is a hybrid coupler.

5. An antenna array as claimed in any one of the preceding claims, wherein the first sub-

array (301) and the second sub-array (305) are non-parallel.

6. An antenna array as claimed in any one of the preceding claims, wherein the first sub-

array and the second sub-array are mutually perpendicular.

7. An antenna array as claimed in any one of the preceding claims, wherein one or both of

the first sub-array and the second sub-array are diagonally-oriented.

8. An antenna array as claimed in any one of claims 1 to 6, the plurality of sub-arrays
comprising a plurality of column-oriented sub-arrays and a plurality of row-oriented sub-arrays,
each column-oriented sub-array comprising radiators arranged along a column of the two-
dimensional array, and each row-oriented sub-array comprising radiators arranged along a row of
the two-dimensional array, wherein for each column-oriented sub-array and each row-oriented
sub-array the two-dimensional array comprises one or more radiators that are common to the

respective column-oriented sub-array and the respective row-oriented sub-array .
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9. An antenna array as claimed in any one of claims 1 to 8, comprising a further two-
dimensional array of radiators, each radiator of the further two-dimensional array being co-located
with a radiator of the two-dimensional array, and each radiator of the further two-dimensional
array having a polarisation different to a polarisation of the co-located radiator of the two-

dimensional array.

10. An antenna array as claimed in any one of the preceding claims, comprising a plurality

of radio chains, each radio chain being coupled to a sub-array of the radiators.

11. An antenna array as claimed in any one of the preceding claims, wherein each of the one
or more radiators (203a) that are common radiators of a first and second sub-array (301, 305) of
radiators comprises a first radiating element and a second radiating element, the first radiating
element forms part of the first sub-array of radiators (301) and the second radiating element forms

part of the second sub-array of radiators (302).

12. A base station for a wireless communication network, the base station comprising an
antenna array as claimed in any one of the preceding claims for wirelessly communicating with

remote user equipment.

13. A method of operating an antenna array for a wireless communication device, the antenna
array comprising a two-dimensional array (203) of radiators, the two-dimensional array (203)
including one or more radiators (203a) that are common radiators of a first and a second sub-array
(301, 305) of radiators, the method comprising:

generating a first radio-frequency emission using a first radio chain coupled to the first
sub-array of the radiators, and

generating a second radio-frequency emission using a second radio chain coupled to the

second sub-array of the radiators.

14. A method as claimed in claim 13, comprising generating the first radio-frequency

emission and the second radio-frequency emission simultancously.
15. A method as claimed in claim 13 or claim 14, wherein the first radio-frequency emission

acts as a carrier for a first data-set, and the second radio-frequency emission acts as a carrier for

a second, different, data-set.
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16. A method as claimed in any one of claims 13 to 15, comprising coupling the first radio
chain and the second radio chain to each of the one or more radiators common to the first sub-
array and the second sub-array by a power divider (601) having an output port coupled to the

respective radiator and first and second input ports coupled to the first and second radio chains

respectively.
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