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A MULTI-CHANNEL RADIO COMMUNICATION DEVICE

TECHNICAL FIELD

The 1invention relates to the field of radio communications and more specitically

to a multi-channel radio communication device.

BACKGROUND

An ever-increasing need exists for current communication solutions to increase
their bandwidth, while dealing with dwindling spectral resources. The probability of
locating uninterrupted and sequential spectrum for enlarging the capacity of
communication devices by increasing the bandwidth 1s almost non-existent.

Communication devices, and specifically military grade communication devices,
are adopting the Software Defined Radio (SDR) architecture, having capabilities of
simultaneously communicating through several communication networks, while
recerving/transmitting in a number of waveforms (multi-channel radio).

Several existing architectures enable implementing multi-channel radio, each
having 1ts own advantages and disadvantages. One example includes utilization of
multiple super heterodyne receivers, each being a well-known device having selectivity
capabilities and a large dynamic range, and each heterodyne receiver being independent
of the other heterodyne receivers. The disadvantages of this architecture are in the linear
growth of the current required to support any additional channel, and in the linear
growth of the size of the electronic circuits required to support each additional channel.
In addition, this architecture combines a large number of frequency sources, thereby
increasing the complexity of this architecture. Still further, this architecture 1s limited 1n
the time required for hopping between frequencies. Another limitation of this
architecture, arising from the splitting of an incoming signal from one antenna to
multiple routes, 1s a requirement for a Low-Noise Amplifier (LNA) having high
linearity. In addition, implementing a FDD (Frequency Division Duplex) solution 1n
such architecture requires high i1solation between the antennas, or alternatively a
separation to two sub-bands, one for transmission and one for reception, with a “dead”

zone between them, which results 1n wasting frequency resources.
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Another example of an existing architecture 1s direct sampling. Recent
technological advancements enable sampling signals 1n high sampling rates and in high
frequencies. This capability enables connecting a sampler directly to the antenna,
thereby rendering the multi-channel radio a true SDR. This solution 1s simple, and
substantially reduces the required electronics and circuitry. However, this solution
entails many disadvantages that substantially affect the performance of the receiver,
including low selectivity relying only on digital selectivity, a low dynamic range, a
strict clock accuracy requirement due to high Radio Frequency (RF) reception, as well
as adding of multiple signals at the entry to the sampler without separating them 1n
frequency, which requires very high linearity and 1s poorly suitable for noisy tactical
environments. In addition, also 1n this architecture implementing an FDD solution
requires high 1solation between the antennas.

There 1s thus a need 1n the art for a new multi-channel communication device.

References considered to be relevant as background to the presently disclosed
subject matter are listed below. Acknowledgement of the references herein 1s not to be
inferred as meaning that these are in any way relevant to the patentability of the
presently disclosed subject matter.

Bostian, Charles W., et al., ““Trade study of implementation of software defined
radio (SDR): Fundamental limitations and future prospects”, WIRELESS @ VIRGINIA
TEC, December 9, 2008, discloses that Software Defined Radio (SDR) technology 1s
commonly advocated for wavetform and frequency-agile radios. It works well for simple
signals and limited bandwidths, less so for complex broadband waveforms. Whether
these difficulties retlect theoretical limits or design choices was unknown since few
quantified limits exist. Using literature surveys and analysis this report explores
fundamental limits to SDR bandwidth and waveform.

US Patent No. 9,350,404 (Adnani et al.), published on May 24, 2016, discloses
that wireless communication 1s ubiquitous today with increasing deployments leading to
increased interference, increasing contlicts, etc. Monitoring the wireless environment 1s
therefore important for regulators, service providers, Government agencies, enterprises
etc. Such monitoring should be flexible both in networks monitored within the wireless
environment as well as detecting unauthorized transmitters, allowing dynamic network
management, etc. However, such real time spectral/signal analysis in the prior art

requires both a wideband direct conversion receiver (DCR), for high performance,
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wideband, fast, programmable spectral analysis, and a super heterodyne receiver for
fast, narrowband, programmable demodulation for signal analysis. According to
embodiments of the invention a single receiver design methodology exploiting a single
RF circuit to provide super heterodyne and direct conversion receiver functionalities.

Russian Patent No. 2333596 pertains to wireless communication and can be
used for selecting radio signals 1in mnput cascades of radio receiving devices. The multi-
channel filter on surface acoustic waves has input and output terminals, input and output
commutators, each of which consists of N switches on the number of filter channels,
with their control inputs, {requency-selective unit with an amplifier, between the input
and output commutators and consisting of N channels, each of which has input and
output filters on surface acoustic waves, channel input and output switches with their
control inputs, first and second group electric bus lines. The input terminal 1s connected
to the inputs of the switch of the input commutator, and the output terminal 1s connected
to the outputs of the switch of the output commutator. There are N-1 amplifiers in the
frequency-selective unit. In each channel of the frequency-selective unit the input of the
amplifier 1s connected to the output of the input filter on surface acoustic waves of the
first group electric bus line, and the output of the amplifier 1s connected to the input of
the output filter on surface acoustic waves of the second group electric bus line. The
input of the channel 1input switch 1s connected to the output of the corresponding switch
of the input commutator, and the output of the channel input switch 1s connected to the
input of the output filter on surface acoustic waves. The input of the channel output
switch 1s connected to the output of the output filter on surface acoustic waves, and the
channel output switch 1s connected to the input of the corresponding switch of the
output commutator. In that case the length of the first and second group electric bus
lines does not increase with increase in the number of channels and the central
frequency of the input and output filters on surface acoustic waves.

International Publication No. WO 2017/098497 (Sorokopud et al.), published on
June 15, 2017 discloses multi-channel communication devices and methods, which
employ a filter bank, connected between antenna(s) and wideband converter(s), that
comprises many narrowband surface acoustic wave (SAW) filters having respective
distinct frequency bands within a bandwidth of the wideband converter(s). For example,
devices may be configured as multi- channel receivers with SAW filters replacing

current heterodyne circuitry and achieving effective separation of reception channel and
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effective attenuation of adjacent blocking signals in a compact device. In other
examples, devices may be configured as multi-channel transmitters and/or transceivers,

possibly having a variable number of channels, to realize compact multi-channel radio.

GENERAL DESCRIPTION

In accordance with a first aspect of the presently disclosed subject matter, there
1s provided a multi-channel communication device comprising: a plurality of receivers,
cach usable for receiving radio-signals within a corresponding distinct selected
frequency band within a spectrum; a Radio Frequency (RF) power splitter usable for
splitting an 1nput radio-signal into a plurality of split radio-signals; and a filter bank that
comprises a plurality of Surface Acoustic Wave (SAW) filters each having a respective
distinct passband within the spectrum, and a routing mechanism configured to route
ecach of the split radio-signals into respective selected SAW filters of the SAW filters,
selected 1n accordance with the selected frequency band of each of the receivers,
wherein each of the selected SAW filters outputs a corresponding output radio-signal, 1n
the passband of the respective SAW filter, to a respective receiver of the receivers.

In some cases, utilization of the RF power splitter enables at least one pair of
distinct selected frequency bands to be adjacent.

In some cases, the passbands of the SAW filters cover all of the spectrum.

In some cases, the passbands of at least one adjacent pair of the SAW filters
overlap by at least a bandwidth of the selected frequency band.

In some cases, the passbands of each pair of adjacent SAW f{ilters overlap by at
least the bandwidth of the selected frequency band.

In some cases, the overlap enables employing Maximal-Ratio Combining
(MRC) on at least one of the incoming radio-signals having a frequency within the
overlapping portion of the passbands of the adjacent pair.

In some cases, the input radio-signal 1s a Radio Frequency (RF) signal.

In some cases, the multi-channel communication device, further comprising: a
frequency converter usable to convert a Radio Frequency (RF) signal to a converted
radio-signal having an Intermediate Frequency (IF), wherein the input radio-signal 1s

the converted radio-signal.
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In some cases, the frequency converter comprises: a Local Oscillator (LO)
usable to output a LO signal at a fixed frequency; and a mixer usable to receive the RF
signal and the LO signal, and to output the converted radio-signal.

In some cases, the LO’s noise 1s at least reduced using a narrow band filter.

In some cases, the frequency converter 1s a passive {requency converter, and
wherein the multi-channel communication device further comprises a first amplifying
device for amplifying the RF signal before it i1s received by the passive frequency
converter.

In some cases, the frequency converter 1s a first active frequency converter, and
wherein the frequency converter further comprises a first internal amplifying device for
amplifying the RF signal before it 1s received by the mixer.

In some cases, a frequency of each of the incoming radio-signals 1s an Ultra
High Frequency (UHF).

In some cases, the passband of each of the SAW filters 1s an Ultra High
Frequency (UHF) passband.

In some cases, the IF 1s UHF.

In some cases, the multi-channel communication device, further comprising a
frequency hopping mechanism configured to instruct the routing mechanism to switch
between frequencies as part of a frequency hopping process, in synchronization with
one or more other communication devices, wherein a time required to hop between
subsequent frequencies 1s a time required for the routing mechanism to switch between
the subsequent frequencies.

In some cases, the multi-channel communication device, further comprising a
transmitter capable of transmitting one or more outgoing signals 1n an outgoing
frequency range, wherein each of the outgoing signals has a corresponding outgoing
frequency within the outgoing frequency range, and each of the outgoing signals 1s
filtered by one or more respective SAW f{ilters of the plurality of SAW filters having a
passband associated with the outgoing frequency of the outgoing signal.

In some cases, the multi-channel communication device, further comprising a
digital bandwidth aggregation mechanism configured to: obtain information having a
given outgoing bandwidth, wherein the given outgoing bandwidth 1s not continuously

available within the outgoing frequency range; and generate the outgoing signals so that
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cach outgoing signal covers an available portion of the outgoing frequency range,
wherein the outgoing signals, when combined, cover the given outgoing bandwidth.

In some cases, the multi-channel communication device, wherein utilization of
the filter bank enables the transmitter to simultaneously transmit an outgoing signal
while at least one of the receivers receives the corresponding output radio-signal
without mutual interference, thereby enabling a full-duplex conversation.

In some cases, there 1s provided a multi-channel Multiple Input and Multiple
Output (MIMO) device, comprising: a plurality of multi-channel communication
devices 1n accordance with the first aspect, wherein each of the multi-channel
communication devices receives a corresponding signal as the input radio-signal and
each outputs, utilizing the filter bank, a plurality of output frequencies, wherein at least
two common {requencies of the output frequencies outputted by at least two of the
devices are identical; and a processing resource, wherein the processing resource 1S
configured to: receive the output frequencies and perform MIMO on the at least two
common frequencies.

In accordance with a second aspect of the presently disclosed subject matter,
there 1s provided a multi-channel communication device comprising: a plurality of
receivers, each usable for receiving radio-signals within a corresponding distinct
selected frequency band within a spectrum; a frequency converter usable to convert a
Radio Frequency (RF) signal to a converted radio-signal having an Intermediate
Frequency (IF); and a filter bank that comprises a plurality of Surface Acoustic Wave
(SAW) filters each having a respective distinct passband within the spectrum and a
routing mechanism; wherein the routing mechanism routes one or more incoming radio-
signals, being the respective converted radio-signal, or one or more split radio-signals
split {from the converted radio-signal, into a plurality of selected SAW filters of the
SAW filters, the plurality of selected SAW filters being selected 1n accordance with the
selected frequency band of each of the receivers, and wherein each of the selected SAW
filters outputs a corresponding output radio-signal, in the passband of the respective
SAW filter, to a respective recerver of the receivers.

In some cases, the passbands of the SAW filters cover all of the spectrum.

In some cases, the passbands of at least one adjacent pair of the SAW filters

overlap by at least a bandwidth of the selected frequency band.
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In some cases, the passbands of each pair of adjacent SAW f{ilters overlap by at
least the bandwidth of the selected frequency band.

In some cases, the overlap enables employing Maximal-Ratio Combining
(MRC) on at least one of the incoming radio-signals having a frequency within the
overlapping portion of the passbands of the adjacent pair.

In some cases, the frequency converter comprises: a Local Oscillator (LO)
usable to output a LO signal at a fixed frequency; and a mixer usable to receive the RF
radio-signal and the LO signal, and to output the converted radio-signal.

In some cases, the LO’s noise 1s at least reduced using a narrow band filter.

In some cases, the frequency converter 18 a passive frequency converter, and
wherein the multi-channel communication device further comprises a second
amplifying device for amplifying the RF signal before it 1s received by the passive
frequency converter.

In some cases, the frequency converter 1s a second active frequency converter,
and wherein the frequency converter further comprises a second internal amplifying
device for amplifying the RF signal before it 1s received by the mixer.

In some cases, a frequency of each of the incoming radio-signals 1s an Ultra
High Frequency (UHF).

In some cases, the passband of each of the SAW filters 1s an Ultra High
Frequency (UHF) passband.

In some cases, the IF 1s UHF.

In some cases, the multi-channel communication device, further comprising: a
Radio Frequency (RF) power splitter usable for splitting the converted radio-signal into
the split radio-signals.

In some cases, the multi-channel communication device, further comprising a
frequency hopping mechanism configured to instruct the routing mechanism to switch
between frequencies as part of a frequency hopping process, in synchronization with
one or more other communication devices, wherein the time required to hop between
subsequent frequencies 1s the time required for the routing mechanism to switch
between the subsequent frequencies.

In some cases, the multi-channel communication device, further comprising a
transmitter capable of transmitting one or more outgoing signals 1n an outgoing

frequency range, wherein each of the outgoing signals has a corresponding outgoing
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frequency within the outgoing frequency range, and each of the outgoing signals 1s
filtered by one or more respective SAW filters of the plurality of SAW filters having a
passband associated with the outgoing frequency of the outgoing signal.

In some cases, the multi-channel communication device, further comprising a
digital bandwidth aggregation mechanism configured to: obtain information having a
given outgoing bandwidth, wherein the given outgoing bandwidth 1s not continuously
available within the outgoing frequency range; and generate the outgoing signals so that
cach outgoing signal covers an available portion of the outgoing frequency range,
wherein the outgoing signals, when combined, cover the given outgoing bandwidth.

In some cases, utilization of the filter bank enables the transmitter to
simultaneously transmit an outgoing signal while at least one of the receivers receives
the corresponding output radio-signal without mutual interference, thereby enabling a
full-duplex conversation.

In some cases, a multi-channel Multiple Input and Multple Output (MIMO)
device, comprising: a plurality of multi-channel communication devices 1n accordance
with the second aspect, wherein each of the multi-channel communication devices
recerves a corresponding signal as the input radio-signal and each outputs, utilizing the
filter bank, a plurality of output frequencies, wherein at least two common {requencies
of the output frequencies outputted by at least two of the devices are identical; and a
processing resource, wherein the processing resource 1s configured to: receive the
output frequencies and perform MIMO on the at least two common frequencies.

In some cases, there 1s provided a method of operating the multi-channel
communication device in accordance with the second aspect, the method comprising:
recerving the input radio-signal; splitting the input radio-signal into the plurality of split
radio-signals; filtering each of the split radio-signals with the corresponding selected
SAW filter, giving rise to filtered signals; and providing each of the filtered signals to
the respective receiver of the receivers.

In some cases, there 1s provided a method of operating the multi-channel
communication device in accordance with the second aspect, the method comprising:
recerving the RF radio-signal; converting, using the frequency converter, the RF radio-
signal into the converted radio signal; filtering the incoming radio-signals, being the
respective converted radio-signal, or the one or more split radio-signals split from the

converted radio-signal with the corresponding selected SAW filter, giving rise to
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filtered signals; and providing each of the filtered signals to the respective receiver of

the receivers.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the presently disclosed subject matter and to see how 1t
may be carried out 1n practice, the subject matter will now be described, by way of non-
limiting examples only, with reference to the accompanying drawings, in which:

Fig. 1 shows an exemplary block diagram of a multi-channel radio
communication device, 1in accordance with the presently disclosed subject matter;

Fig. 2 shows another exemplary block diagram of a multi-channel radio
communication device, in accordance with the presently disclosed subject matter;

Fig. 3 1s a schematic illustration of the separation obtainable using a Surface
Acoustic Wave (SAW) filter bank, in accordance with the presently disclosed subject
matter:;

Fig. 4 1s a schematic 1illustration of employing Maximal-Ratio Combining
(MRC) using the multi-channel radio communication device, 1n accordance with the
presently disclosed subject matter;

Fig. 5 1s a schematic 1llustration of employing digital bandwidth aggregation
using the multi-channel radio communication device, 1in accordance with the presently
disclosed subject matter:;

Fig. 6 shows an exemplary block diagram of a multi-channel Multiple Input and
Multiple Output (MIMO) device, 1n accordance with the presently disclosed subject
matter:;

Fig. 7 1s a tlowchart 1llustrating one example of a sequence of operations carried
out for operating a multi-channel radio communication device, in accordance with the
presently disclosed subject matter; and

Fig. 8 1s another flowchart illustrating another example of a sequence of
operations carried out for operating a multi-channel radio communication device, 1n

accordance with the presently disclosed subject matter.
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DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the presently disclosed subject matter.
However, 1t will be understood by those skilled in the art that the presently disclosed
subject matter may be practiced without these specific details. In other instances, well-
known methods, procedures, and components have not been described 1n detail so as not
to obscure the presently disclosed subject matter.

In the drawings and descriptions set forth, identical reference numerals indicate
those components that are common to different embodiments or configurations.

Unless specifically stated otherwise, as apparent from the following discussions,
it 1s appreciated that throughout the specification discussions utilizing terms such as
"recerving”, "splitting”, "filtering"”, "providing", "converting" or the like, include action
and/or processes of a computer that manipulate and/or transform data into other data,
said data represented as physical quantities, €.g. such as electronic quantities, and/or
said data representing the physical objects. The terms “computer”, “processor”,
“controller”, and “‘processing unit” should be expansively construed to cover any kind
of electronic device with data processing capabilities, including, by way of non-limiting
example, a personal desktop/laptop computer, a server, a computing system, a
communication device, a smartphone, a tablet computer, a smart television, a processor
(e.g. digital signal processor (DSP), a microcontroller, a field programmable gate array
(FPGA), an application specific integrated circuit (ASIC), etc.), a group of multiple
physical machines sharing performance of various tasks, virtual servers co-residing on a
single physical machine, any other electronic computing device, and/or any
combination thereof.

As used herein, the phrase "for example,” "such as", "for instance” and variants
thereof describe non-limiting embodiments of the presently disclosed subject matter.
Reference 1n the specification to "one case”, "some cases”, "other cases” or variants
thereof means that a particular feature, structure or characteristic described 1n
connection with the embodiment(s) 1s included 1n at least one embodiment of the
presently disclosed subject matter. Thus, the appearance of the phrase "one case”, "some

cases’, "other cases” or variants thereof does not necessarily refer to the same

embodiment(s).
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It 1s appreciated that, unless specifically stated otherwise, certain features of the
presently disclosed subject matter, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the presently disclosed subject matter, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or 1n any suitable sub-combination.

In embodiments of the presently disclosed subject matter, fewer, more and/or
different stages than those shown in Figs. 7-8 may be executed. Figs. 1, 2, and 6
illustrate a general schematic of the system architecture 1n accordance with an
embodiment of the presently disclosed subject matter. The modules 1n Figs. 1, 2, and 6
may be centralized in one location or dispersed over more than one location. In other
embodiments of the presently disclosed subject matter, the system may comprise fewer,
more, and/or different modules than those shown 1n Figs. 1, 2, and 6.

Any reference 1n the specification to a method should be applied mutatis
mutandis to a system capable of executing the method and should be applied mutatis
mutandis to a non-transitory computer readable medium that stores instructions that
once executed by a computer result in the execution of the method.

Any reference 1n the specification to a system should be applied mutatis
mutandis to a method that may be executed by the system and should be applied mutatis
mutandis to a non-transitory computer readable medium that stores instructions that
may be executed by the system.

Any reference 1n the specification to a non-transitory computer readable medium
should be applied mutatis mutandis to a system capable of executing the instructions
stored 1n the non-transitory computer readable medium and should be applied mutatis
mutandis to method that may be executed by a computer that reads the instructions
stored 1n the non-transitory computer readable medium.

Bearing this in mind, attention 1s drawn to Fig. 1, showing a multi-channel radio
communication device, in accordance with the presently disclosed subject matter.

According to the presently disclosed subject matter, a multi-channel
communication device 100 i1s provided. The multi-channel communication device 100
comprises a plurality of receivers (recerver A 135-a, receiver B 135-b, receiver C 135-c,
..., recerver N 135-n), each usable for receiving radio-signals within a corresponding

distinct selected frequency band within a spectrum.
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The multi-channel communication device 100 further comprises a filter bank
130. The filter bank 130 comprises a plurality of narrowband Surface Acoustic Wave
(SAW) filters (SAW filter A 125-a, SAW filter B 125-b, ..., SAW filter N 125-n), each
having a respective distinct passband within the spectrum that can be received by the
receivers (135-a, ..., 135-n). The filter bank 130 can be fitted on a small printed board.

The use of SAW filters (125-a, ..., 125-n) enables the multi-channel
communication device 100 to achieve effective separation of reception channels and
effective attenuation of adjacent blocking signals, all in a single and compact device, as
opposed to the complex architecture which includes use of multiple super heterodyne
receivers. The SAW filters (125-a, ..., 125-n) enable reducing co-location interferences
and 1improving the receivers (135-a, ..., 135-n) selectivity in mobile operated radios
(that may be used 1n tactical environments) and for increasing the dynamic range of the
receivers (135-a, ..., 135-n). Due to the high selectivity of the SAW filters (125-a, ...,
125-n) the analog signal that 1s output by the filter bank 130 can be converted to a
digital signal (using an Analog to Digital Converter (ADC)), thus solving ADC dynamic
range problems that limit the use of ADC capabilities in a simple receiver architecture
(such as the direct sampling architecture shortly discussed in the background section
herein), with high selectivity performances.

The multi-channel communication device 100 can optionally be comprised
within a backpack or implemented in a handheld device, and it can provide longer
battery life than other prior art architectures.

The multi-channel communication device 100 can receive a Radio Frequency
(RF) signal, that can be received by an antenna 110 to which the multi-channel
communication device 100 can be connected. In some case, the RF signal can be an
Ultra High Frequency (UHF) signal, however in other cases the RF signal can be a
signal of any other frequency domain. The RF signal may have different carrier
frequencies within the spectrum. The carrier frequencies are receivable by a
corresponding receiver of the receivers (135-a, ..., 135-n).

The multi-channel communication device 100 can optionally comprise a Band
Pass Filter (BPF) configured to filter a given spectral band from the RF signal.

In some cases, the multi-channel communication device 100 can optionally
include a frequency converter 115. The frequency converter 115 can receive the RF

signal (or the filtered part thereof, as filtered by the BPF) and convert it to another
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frequency domain, being an Intermediate Frequency (IF) signal. The frequency
converter 170 can comprise a Local Oscillator (LO) usable to output a LO signal at a
fixed frequency and a mixer usable to receive the RF radio-signal and the LO signal,
and to output the IF signal, being the converted radio-signal. In some cases, the
passband of the SAW f{ilters can be a passband 1n the UHF frequency domain and the IF
signal can be a UHF signal.

In those cases where the RF signal 1s converted to an IF signal, the receivers
(135-a, ..., 135-n) can receive the converted carrier frequencies that correspond to the
carrier {frequencies.

The filter bank 130 can receive an incoming radio-signal, being the RF signal, or
the IF signal in those cases where the RF signal 1s converted into an IF signal. The
incoming radio-signal at least partially overlaps the passband of one or more of the
SAW filters (125-a, ..., 125-n). The incoming radio-signal can be split to a plurality of
split signals 1n a galvanic manner. The split signals are routed by a routing mechanism
120 (e.g. a switch matrix), into one or more selected SAW filters of the SAW filters
(125-a, ..., 125-n), selected in accordance with the selected frequency band of each of
the receivers (135-a, ..., 135-n), wherein each of the selected SAW f{ilters outputs a
corresponding output radio-signal, in the passband of the respective SAW filter, to a
respective receiver of the receivers (135-a, ..., 135-n).

In some cases, the recerver (e.g. 135-a, ..., 135-n) can amplify the output radio-
signal, e.g. by a Low-Noise Amplifier (LNA), and filter 1t, e.g. using a Low Pass Filter
(LPF). The output signal 1s then converted into a digital signal, using an ADC (e.g. 145-
a, ..., 145-n), and the digital signal 1s delivered to the processing unit 150. In some
cases, although 1n the illustrated example four ADCs are shown, a single ADC can be
used to sumultaneously convert the digital signals to analog, or any other number of
ADC's can be used for this purpose.

In some cases, the passbands of the SAW filters cover all of the spectrum of the
incoming radio-signal. The passbands of at least one pair of the SAW filters overlap by
at least a bandwidth of the selected frequency band. Each pair of SAW filters that has a
passband that overlaps, by at least the bandwidth of the selected frequency band, 1s also
referred to herein as an adjacent pair. In some cases, each of the SAW filters (125-a, ...,
125-n) has a passband that overlaps at least one passband of another SAW filter by at
least the bandwidth of the selected frequency band.
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As can be appreciated when looking at Fig. 3, utilization of SAW filters (125-a,
..., 125-n) enables high spectral selectivity where each SAW filter filters a distinct and
narrow slice of frequencies. It can also be appreciated that the passbands of the SAW
filters cover all of the spectrum, and that each frequency 1s covered by an adjacent pair
of SAW filters that filter frequencies that overlap by at least 50%.

The overlap enables employing Maximal-Ratio Combining (MRC) on at least
one of the incoming radio-signals having a frequency within the overlapping portion of
the passbands of an adjacent pair of SAW filters (e.g. 125-a, ..., 125-n). Looking at Fig.
4, 1t can be appreciated that SF1 and SF2, each being one of the SAW filters (125-a, ...,
125-n), filter an overlapping frequency range. Both SF1 and SF2 filter a frequency
range that encompass the frequency of 226MHz-228MHz, thereby enabling employing
MRC on the 2MHz bandwidth of 226 MHz-228MHz. Clearly this 1s true for each pair of
SAW filters that filter an overlapping frequency range (e.g. SF3 and SF4, SF5 and SF6,
etc.).

In some cases, the multi-channel communication device 100 can further
comprise a transmitter 160. The transmitter 160 can be capable of transmitting one or
more outgoing carrier signals 1n an outgoing frequency range, wherein each of the
outgoing signals has a corresponding outgoing {requency within the outgoing frequency
range.

In some cases, the transmitter 160 can filter the outgoing frequency range, e.g.
using a Low Pass Filter (LPF), and amplity the filtered outgoing frequency range, e.g.
by a Low-Noise Amplifier (LNA).

Each of the outgoing signals can be filtered by one or more respective SAW
filters of the plurality of SAW filters (125-a, ..., 125-n) having a passband associated
with the outgoing frequency of the outgoing signal. The outgoing signal can be
generated by the processing unit 150 and converted from a digital signal to an analog
signal by a Digital to Analog Converter (DAC) 1535. In some cases, the transmission
channel can be shared with an output channel of the filter bank 130 connected to one of
the receivers (e.g. 135-a, ..., 135-n). In such cases, a switch 140 can exist in the shared
channel, enabling switching between a transmission channel when transmission 1s to be
made, and an output channel of the filter bank 130 connected to one of the receivers

(e.g. 135-a, ..., 135-n) when the receiver 1s to receive a signal.
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In some cases, utilization of the filter bank 130 enables the transmitter 160 to
simultaneously transmit an outgoing signal while at least one of the receivers (e.g. 135-
a, ..., 135-n) receives the corresponding output radio-signal without mutual
interference, thereby enabling a full-duplex conversation.

In some cases, utilization of the filter bank 130 enables the transmitter 160 to
transmit 1n high spectral purity with minimal spectral spreading keeping a low Adjacent
Channel Power Ratio (ACPR) and maintaining a high Spurious-Free Dynamic Range
(SFDR) ratio.

In some cases, the multi-channel communication device 100 can optionally
include a frequency converter 170. The frequency converter 170 can receive an IF
signal to be transmitted (e.g. the outgoing frequency range) and convert it to the RF
frequency domain that can be transmitted by the antenna 112.

It 1s to be noted that 1n some embodiments, antenna 110 and antenna 112 may be
one antenna, used both for receiving and transmitting RF signals. In such an
embodiment the one antenna will include a switch to substitute the one antenna between
recerving and transmitting modes. It 1s to be noted, that in this embodiment, a full-
duplex conversation 1s not enabled.

The frequency converter 170 can comprise a Local Oscillator (LO) usable to
output a LO signal at a fixed frequency and a mixer usable to receive the IF radio-signal
and the LO signal, and to output the converted radio-signal. In some cases, the LO’s
noise 1s at least reduced using a narrow band filter. In some cases, the frequency
converter 18 a passive {requency converter, and wherein the multi-channel
communication device further comprises a first amplifying device for amplifying the RF
signal before 1t 1s received by the passive frequency converter. In some cases, the
frequency converter 1s an active Irequency converter, and wherein the Irequency
converter further comprises an internal amplifying device for amplifying the RF signal
before it 1s received by the mixer.

In some cases, the multi-channel communication device 100 can further
comprise a frequency hopping mechanism 152. The frequency hopping mechanism 152
can be configured to instruct the routing mechanism 120 to switch between frequencies
as part of a frequency hopping process, 1in synchronization with one or more other
communication devices (that can optionally be other multiple-channel communication

devices 100, or any other communication device capable of frequency hopping). It 1s to
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be noted that a time required for the multi-channel communication device 100 to hop
between subsequent frequencies 1s a time required for the routing mechanism 120 to
switch between the subsequent frequencies.

In some cases, the multi-channel communication device 100 can further
comprise a digital bandwidth aggregation mechanism 154. The digital bandwidth
aggregation mechanism 154 can be configured to obtain information having a given
outgoing bandwidth, wherein the given outgoing bandwidth 1s not continuously
available within the outgoing frequency range and generate the outgoing signals so that
cach outgoing signal covers an available portion of the outgoing frequency range,
wherein the outgoing signals, when combined, cover the given outgoing bandwidth. A
recerving side (that can optionally be other multiple-channel communication devices
100, or any other communication device capable of digital bandwidth aggregation) can
then use the outgoing signal (which 1s received thereby as an incoming signal) in the
outgoing frequency range (which 1s received thereby as an incoming frequency range)
in order to reconstruct the information.

An 1llustration 1s provided in Fig. 5, showing an 8MHz bandwidth aggregation
process using distinct slices of 2MHz bandwidth, where each distinct slice 1s transmitted
at a different frequency. In the illustration 1t 1s desirable to transmit the bandwidth
between 225MHz — 265MHz, being an SMHz bandwidth. The bandwidth 1s divided to
four slices of 2MHz bandwidths, where the signal associated with each 2MHz
bandwidth 1s generated utilizing a respective SAW filter of the SAW filters (125-a, ...,
125-n). The bandwidth 231-233MHz 1s generated using SF4, the bandwidth 2351-
253MHz 1s generated using SFS, the bandwidth 235-237MHz 1s generated using SF6,
and the bandwidth 263-265MHz 1s generated using SF7. On the receiving side, the
SMHz bandwidth can be reconstructed by receiving each 2MHz slice filtered by the
respective SAW filter of the SAW filters (125-a, ..., 125-n). It 1s to be noted, and
emphasized, that although in the illustrated example the 8MHz bandwidth 1s non-
consecutive, 1t 1s by no means limiting, and the 8MHz bandwidth can be spread into
slices of 2MHz that are adjacent, not adjacent or partly adjacent.

Turning to Kig. 2, there 1s shown another multi-channel radio communication
device, 1in accordance with the presently disclosed subject matter.

According to the presently disclosed subject matter, a multi-channel

communication device 200 1s provided. The multi-channel communication device 200
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comprises a plurality of recervers (receiver A 1335-a, receiver B 135-b, recerver C 135-c,
..., receiver N 135-n), each usable for receiving radio-signals within a corresponding
distinct selected frequency band within a spectrum.

The multi-channel communication device 200 further comprises a filter bank
230, stmilar to the filter bank 130 as detailed with reference to Fig. 1, with multiple
inputs, as opposed to the filter bank 130 having a single input.

Multi-channel communication device 200 can optionally be comprised within a
backpack or implemented in a handheld device, and it can provide longer battery life
than other prior art architectures.

The multi-channel communication device 200 can receive an RF signal, that can
be received by an antenna 110 to which the multi-channel communication device 200
can be connected. In some case, the RF signal can be an Ultra High Frequency (UHF)
signal, however 1n other cases the RF signal can be a signal of any other frequency
domain. The RF signal may have ditferent carrier frequencies within the spectrum. The
carrier frequencies are receivable by a corresponding receiver of the receivers (135-a,
..., 135-n).

The multi-channel communication device 200 can optionally comprise a Band
Pass Filter (BPF) configured to filter a given spectral band from the RF signal.

In some cases, the multi-channel communication device 200 can optionally
include a frequency converter 1135, as detailed with reference to Fig. 1.

In those cases where the RF signal 1s converted to an IF signal, the receivers
(135-a, ..., 135-n) can recerve the converted carrier {frequencies that correspond to the
carrier {frequencies.

The multi-channel communication device 200 further comprises an RF power
splitter 210 usable for splitting an input radio-signal into a plurality (IN) of split radio-
signals. utilization of the RF power splitter 210 enables at least one pair of distinct
selected frequency bands selected by the receivers (e.g. 135-a, ..., 135-n) to have
adjacent frequencies. The power splitter 210 splits the input radio-signal 1in such a way
so that the split radio signals do not practically interfere each other. As opposed to the
implementation of the multi-channel communication device 200, in multi-channel
communication device 100 shown 1n Fig. 1, the fact that the incoming radio-signal 1s
split 1n a galvanic manner results 1in a potential interference between the split radio

signals. The fact that the split radio-signals can interfere each other requires maintaining
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a frequency gap between frequency bands selected by the recervers (1.e. the frequencies
selected by the receivers (e.g. 135-a, ..., 135-n) cannot be adjacent frequencies).

The filter bank 230 can receive the plurality of split radio-signals. The split
signals are routed by a routing mechanism 120 (e.g. a switch matrix), into one or more
selected SAW filters of the SAW filters (125-a, ..., 125-n), selected 1n accordance with
the selected frequency band of each of the receivers (135-a, ..., 135-n), wherein each of
the selected SAW filters outputs a corresponding output radio-signal, in the passband of
the respective SAW filter, to a respective receiver of the recervers (135-a, ..., 135-n).

In some cases, the recerver (e.g. 135-a, ..., 135-n) can amplify the output radio-
signal, e.g. by a Low-Noise Amplifier (LNA), and filter 1t, e.g. using a Low Pass Filter
(LPF). The output signal 1s then converted into a digital signal, using an ADC (e.g. 145-
a, ..., 145-n), and the digital signal 1s delivered to the processing unit 150. In some
cases, although 1n the illustrated example four ADCs are shown, a single ADC can be
used to sumultaneously convert the digital signals to analog, or any other number of
ADC's can be used for this purpose.

In some cases, the passbands of the SAW filters cover all of the spectrum of the
incoming radio-signal. The passbands of at least one pair of the SAW filters overlap by
at least a bandwidth of the selected frequency band. Each pair of SAW filters that has a
passband that overlaps, by at least the bandwidth of the selected frequency band, 1s also
referred to herein as an adjacent pair. In some cases, each of the SAW filters (125-a, ...,
125-n) has a passband that overlaps at least one passband of another SAW filter by at
least the bandwidth of the selected frequency band.

The overlap enables employing Maximal-Ratio Combining (MRC) on at least
one of the incoming radio-signals having a frequency within the overlapping portion of
the passbands of an adjacent pair of SAW filters (e.g. 125-a, ..., 125-n).

In some cases, the multi-channel communication device 200 can further
comprise a transmitter 160. The transmitter 160 can be capable of transmitting one or
more outgoing carrier signals in an outgoing frequency range, wherein each of the
outgoing signals has a corresponding outgoing frequency within the outgoing frequency
range.

In some cases, the transmitter 160 can filter the outgoing frequency range, e.g.
using a Low Pass Filter (LPF), and amplity the filtered outgoing frequency range, e.g.
by a Low-Noise Amplifier (LNA).



WO 2020/035851 PCT/IL2019/050606

10

15

20

25

30

_ 19 _

Each of the outgoing signals can be filtered by one or more respective SAW
filters of the plurality of SAW filters (125-a, ..., 125-n) having a passband associated
with the outgoing frequency of the outgoing signal. The outgoing signal can be
generated by the processing unit 150 and converted from a digital signal to an analog
signal by a Digital to Analog Converter (DAC) 155. In some cases, the transmission
channel can be shared with an output channel of the filter bank 230 connected to one of
the receivers (e.g. 135-a, ..., 135-n). In such cases, a switch 140 can exist in the shared
channel, enabling switching between a transmission channel when transmission 1s to be
made, and an output channel of the filter bank 230 connected to one of the receivers
(e.g. 135-a, ..., 135-n) when the receiver 1s to receive a signal.

In some cases, the transmission channel can also be shared with an input channel
of the filter bank 230 connected to one of the receivers (e.g. 135-a, ..., 135-n). In such
cases, a switch 220 can exist in the shared channel, enabling switching between a
transmission channel when transmission 1s to be made through the shared channel, and
the input channel of the filter bank 230 connected to one of the outputs of the RF power
splitter 210 when the filter bank 230 1s to receive a signal through the shared channel.

In some cases, utilization of the filter bank 230 enables the transmitter 160 to
simultaneously transmit an outgoing signal while at least one of the receivers (e.g. 135-
a, ..., 135-n) receives the corresponding output radio-signal without mutual
interference, thereby enabling a full-duplex conversation.

In some cases, the multi-channel communication device 200 can optionally
include a frequency converter 170, as detailed with reference to Fig. 1.

In some cases, the multi-channel communication device 200 can further
comprise a frequency hopping mechanism 152, as detailed with reference to Fig. 1.

In some cases, the multi-channel communication device 200 can further
comprise a digital bandwidth aggregation mechanism 154, as detailed with reference to
Fig. 1.

Turning to Fig. 6, there 1s shown a multi-channel Multiple Input and Multiple
Output (MIMO) device, 1n accordance with the presently disclosed subject matter.

According to the presently disclosed subject matter, a multi-channel MIMO
device 600 can comprise a plurality of multi-channel communication devices 100
(multi-channel communication device Al 100-al, ..., multi-channel communication

device M1 100-m1l) as detailed with respect to Fig. 1, and/or a plurality of multi-
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channel communication devices 200 (multi-channel communication device Al
200-al, ..., multi-channel communication device M2 200-m2) as detailed with respect
to Fig. 2. Each of the multi-channel communication devices 100 (multi-channel
communication device Al 100-al, ..., multi-channel communication device M1 100-
m1l) and/or multi-channel communication devices 200 (multi-channel communication
device Al 200-al, ..., multi-channel communication device M2 200-m2) can receive a
corresponding signal, through an antenna (e.g. antenna A1l 110-al, ..., antenna M1 110-
m1l, antenna A2 110-a2, ..., antenna M2 110-m2) as the input radio-signal, and each can
output, utilizing the filter bank 130 or the filter bank 230, a plurality of output
frequencies. At least two common frequencies of the output frequencies outputted by at
least two of the devices (the multi-channel communication devices 100 (multi-channel
communication device Al 100-al, ..., multi-channel communication device M1 100-
ml) and/or the multi-channel communication devices 200 (multi-channel
communication device Al 200-al, ..., multi-channel communication device M2 200-
m?2)) are 1dentical.

The multi-channel MIMO device 600 further comprises a processing resource
610, configured to receive the output frequencies and perform MIMO on the at least two
common frequencies.

The multi-channel MIMO device 600 enables performing MIMO on a plurality
of frequencies simultaneously, where each of the frequencies 1s received by a plurality
of receivers of the devices (the multi-channel communication devices 100 (multi-
channel communication device Al 100-al, ..., multi-channel communication device
M1 100-m1l) and/or the multi-channel communication devices 200 (multi-channel
communication device Al 200-al. ..., multi-channel communication device M2 200-
m?2)).

Fig. 7 1s a flowchart 1llustrating one example of a sequence of operations carried
out for operating a multi-channel communication device, in accordance with the
presently disclosed subject matter.

According to the presently disclosed subject matter, the multi-channel
communication device 100, as detailed with reference to Fig. 1, can be configured to
receive, through an antenna 110 an input radio-signal (block 710). The input radio-
signal can be split, in a galvanic manner, into a plurality of split radio-signals (block

720). Each of the split radio-signals can be routed, by the routing mechanism 120, into a
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respective selected SAW filter of the SAW filters (125-a, ..., 125-n), according
to a frequency selection within a corresponding receiver of the receivers (135-a, ...,
135-n), giving rise to filtered signals (block 730). Each of the filtered signals 1is
provided to the respective receiver of the receivers (135-a, ..., 135-n) 1n which the
selected frequency 1s the frequency of the filtered signal (block 740).

Fig. 8 1s a flowchart illustrating another example of a sequence of operations
carried out for operating a multi-channel communication device, in accordance with the
presently disclosed subject matter.

According to the presently disclosed subject matter, the multi-channel
communication device 200, as detailed with reference to Fig. 2, can be configured to
receive, through an antenna 110 an RF radio-signal (block 810). The received RF radio-
signal can be converted, using the frequency converter 115, into a converted radio
signal (block 820). An incoming radio-signal, being the respective converted radio-
signal, or the one or more split radio-signals split from the converted radio-signal (using
the RF power splitter 210) with the corresponding selected SAW filter, 1s routed, by the
routing mechanism 120, into a respective selected SAW filter of the SAW filters (125-a,
..., 125-n), according to a frequency selection within a corresponding receiver of the
receivers (135-a, ..., 135-n), giving rise to filtered signals (block 830). Each of the
filtered signals 1s provided to the respective receiver of the receivers (135-a, ..., 135-n)
in which the selected frequency 1s the frequency of the filtered signal (block 840).

It 1s to be understood that the presently disclosed subject matter 1s not limited 1n
its application to the details set forth 1n the description contained herein or illustrated in
the drawings. The presently disclosed subject matter 1s capable of other embodiments
and of being practiced and carried out 1n various ways. Hence, 1t 1s to be understood that
the phraseology and terminology employed herein are for the purpose of description and
should not be regarded as limiting. As such, those skilled 1n the art will appreciate that
the conception upon which this disclosure 1s based may readily be utilized as a basis for
designing other structures, methods, and systems for carrying out the several purposes
of the present presently disclosed subject matter.

It will also be understood that the system according to the presently disclosed
subject matter can be implemented, at least partly, as a suitably programmed computer.
Likewise, the presently disclosed subject matter contemplates a computer program

being readable by a computer for executing the disclosed method. The presently
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disclosed subject matter further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

disclosed method.
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CLAIMS

1. A multi-channel communication device comprising:

a frequency converter comprising: a Local Oscillator (LO) usable to output an LO signal
at a fixed frequency; and a mixer usable to receive an input Radio Frequency (RF) signal and

the LO signal, and to output a converted radio-signal having an Intermediate Frequency (IF);

a Radio Frequency (RF) power splitter usable for splitting the converted radio-signal

into a plurality of split radio-signals;

a plurality of receivers, each usable for receiving the split radio signals within a

corresponding distinct selected frequency band within a spectrum; and

a filter bank that comprises a plurality of Surface Acoustic Wave (SAW) filters each
having a respective distinct passband within the spectrum, and a routing mechanism
configured to route each of the split radio-signals into respective selected SAW filters of the
SAW filters, selected in accordance with the selected frequency band of each of the receivers,
wherein each of the selected SAW filters outputs a corresponding output radio-signal, in the

passband of the respective SAW filter, to a respective receiver of the receivers.

2. The multi-channel communication device of claim 1, wherein utilization of the RF power

splitter enables at least one pair of distinct selected frequency bands to be adjacent.

3. The multi-channel communication device of claim 1, wherein the passbands of at least
one adjacent pair of the SAW filters overlap by at least a bandwidth of the selected frequency
band.

4. The multi-channel communication device of claim 3, wherein the overlap enables
employing Maximal-Ratio Combining (MRC) on at least one of the incoming radio-signals

having a frequency within the overlapping portion of the passbands of the adjacent pair.
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5. The multi-channel communication device of claim 1, wherein a frequency of each of

the incoming radio-signals is an Ultra High Frequency (UHF).

6. The multi-channel communication device of claim 1, wherein the passband of each of
the SAW filters is an Ultra High Frequency (UHF) passband.

7. The multi-channel communication device of claim 1, further comprising a frequency
hopping mechanism configured to instruct the routing mechanism to switch between
frequencies as part of a frequency hopping process, in synchronization with one or more other
communication devices, wherein a time required to hop between subsequent frequencies is a

time required for the routing mechanism to switch between the subsequent frequencies.

8. The multi-channel communication device of claim 1, further comprising a transmitter
capable of transmitting one or more outgoing signals in an outgoing frequency range, wherein
each of the outgoing signals has a corresponding outgoing frequency within the outgoing
frequency range, and each of the outgoing signals is filtered by one or more respective SAW
filters of the plurality of SAW filters having a passband associated with the outgoing frequency

of the outgoing signal.

9. The multi-channel communication device of claim 9, further comprising a digital

bandwidth aggregation mechanism configured to:

obtain information having a given outgoing bandwidth, wherein the given outgoing

bandwidth is not continuously available within the outgoing frequency range; and

generate the outgoing signals so that each outgoing signal covers an available portion
of the outgoing frequency range, wherein the outgoing signals, when combined, cover the

given outgoing bandwidth.

10. The multi-channel communication device of claim 8, wherein utilization of the filter bank
enables the transmitter to simultaneously transmit an outgoing signal while at least one of the
receivers receives the corresponding output radio-signal without mutual interference, thereby

enabling a full-duplex conversation.
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11. A multi-channel Multiple Input and Multiple Output (MIMO) device, comprising:

a plurality of multi-channel communication devices in accordance to claim 1, wherein
each of the multi-channel communication devices receives a corresponding signal as the input
radio-signal and each outputs, utilizing the filter bank, a plurality of output frequencies, wherein
at least two common frequencies of the output frequencies outputted by at least two of the

devices are identical; and

a processing resource, wherein the processing resource is configured to: receive the

output frequencies and perform MIMO on the at least two common frequencies.

12. A multi-channel communication device comprising:

a plurality of receivers, each usable for receiving radio-signals within a corresponding

distinct selected frequency band within a spectrum;

a frequency converter usable to convert a Radio Frequency (RF) signal to a converted
radio-signal having an Intermediate Frequency (IF) comprising: a Local Oscillator (LO) usable
to output an LO signal at a fixed frequency; and a mixer usable to receive the RF signal and

the LO signal, and to output the converted radio-signal having the IF; and

a filter bank that comprises a plurality of Surface Acoustic Wave (SAW) filters each

having a respective distinct passband within the spectrum and a routing mechanism;

wherein the routing mechanism routes one or more incoming radio-signals, being the
respective converted radio-signal, or one or more split radio-signals split from the converted
radio-signal, into a plurality of selected SAW filters of the SAW filters, the plurality of selected
SAW filters being selected in accordance with the selected frequency band of each of the

receivers, and

wherein each of the selected SAW filters outputs a corresponding output radio-signal,

in the passband of the respective SAW filter, to a respective receiver of the receivers.

13. The multi-channel communication device of claim 12, wherein the passbands of at
least one adjacent pair of the SAW filters overlap by at least a bandwidth of the selected

frequency band.
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14. The multi-channel communication device of claim 13, wherein the overlap enables
employing Maximal-Ratio Combining (MRC) on at least one of the incoming radio-signals

having a frequency within the overlapping portion of the passbands of the adjacent pair.

15. The multi-channel communication device of claim 12, wherein a frequency of each of

the incoming radio-signals is an Ultra High Frequency (UHF).

16. The multi-channel communication device of claim 12, further comprising:

a Radio Frequency (RF) power splitter usable for splitting the converted radio-signal

into the split radio-signals.

17. The multi-channel communication device of claim 12, further comprising a frequency
hopping mechanism configured to instruct the routing mechanism to switch between
frequencies as part of a frequency hopping process, in synchronization with one or more other
communication devices, wherein a time required to hop between subsequent frequencies is a

time required for the routing mechanism to switch between the subsequent frequencies.

18. The multi-channel communication device of claim 12, further comprising a transmitter
capable of transmitting one or more outgoing signals in an outgoing frequency range, wherein
each of the outgoing signals has a corresponding outgoing frequency within the outgoing
frequency range, and each of the outgoing signals is filtered by one or more respective SAW
filters of the plurality of SAW filters having a passband associated with the outgoing frequency

of the outgoing signal.

19. The multi-channel communication device of claim 18, further comprising a digital

bandwidth aggregation mechanism configured to:

obtain information having a given outgoing bandwidth, wherein the given outgoing

bandwidth is not continuously available within the outgoing frequency range; and

generate the outgoing signals so that each outgoing signal covers an available portion
of the outgoing frequency range, wherein the outgoing signals, when combined, cover the

given outgoing bandwidth.
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20. The multi-channel communication device of claim 18, wherein utilization of the filter
bank enables the transmitter to simultaneously transmit an outgoing signal while at least one
of the receivers receives the corresponding output radio-signal without mutual interference,

thereby enabling a full-duplex conversation.

21. A multi-channel Multiple Input and Multiple Output (MIMO) device, comprising:

a plurality of multi-channel communication devices in accordance to claim 12, wherein
each of the multi-channel communication devices receives a corresponding signal as the input
radio-signal and each outputs, utilizing the filter bank, a plurality of output frequencies, wherein
at least two common frequencies of the output frequencies outputted by at least two of the

devices are identical; and

a processing resource, wherein the processing resource is configured to: receive the

output frequencies and perform MIMO on the at least two common frequencies.

22. A method of operating a multi-channel communication device in accordance to claim

1, the method comprising:
receiving the input radio-signal;

converting, using the frequency converter, the input radio-signal into the converted

radio-signal;
splitting the converted radio-signal into the plurality of split radio-signals;

filtering each of the split radio-signals with the corresponding selected SAW filter,

giving rise to filtered signals; and

providing each of the filtered signals to the respective receiver of the receivers.

23. A method of operating a multi-channel communication device in accordance to claim

12, the method comprising:
receiving the RF radio-signal;

converting, using the frequency converter, the RF radio-signal into the converted radio

signal;
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filtering the incoming radio-signals, being the respective converted radio-signal, or the
one or more split radio-signals split from the converted radio-signal with the corresponding

selected SAW filter, giving rise to filtered signals; and

providing each of the filtered signals to the respective receiver of the receivers.



