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APPARATUSES FOR COMMUNICATION

TECHNICAL FIELD

[0001] Various example embodiments relate to apparatuses for communication.

BACKGROUND
[0002] Terahertz (THz) or Sub-THz, for example 0.06-10 THz, band communication is one of
the key enablers to fulfill high data rate requirements of the sixth generation mobile
communication technology (6G). However, leveraging ultra-wide bandwidths, for example up
to tens of GHz, brings many challenges in THz or Sub-THz transceiver design. One of the
challenges is digital-to-analogue converter (DAC) and analogue-to-digital converter (ADC)
capabilities. According to Nyquist-Shannon sampling theorem, the sampling rate of the
DACs/ADCs shall be no less than the system bandwidth in order to avoid any information loss
from a continuous-time signal. However, current on-shelf DACs/ADCs cannot support the
cfficient digital signal processing with such ultra-wide bandwidth in THz or Sub-THz
communication. Further, power consumption of ultra-fast (¢.g., of the order of 50 Gsps or faster),
high-precise (e.g., from 8 to 16 bits) DACs/ADCs has a linear relationship with input signal
bandwidth and grows exponentially with precision. Consequently, such DACs/ADCs are
impractical for wireless communication devices. Moreover, THz or Sub-THz band radio
frequency (RF) chain, for example a carrier frequency 220 GHz RF chain, mainly includes many
expensive components/chipsets, which will lead to huge system cost and become unaffordable

for such ultra-wide bandwidth deployment.

SUMMARY
[0003] A brief summary of exemplary embodiments is provided below to provide basic
understanding of some aspects of various embodiments. It should be noted that this summary is
not intended to identify key features of essential elements or define scopes of the embodiments,
and its sole purpose is to introduce some concepts in a simplified form as a preamble for a more
detailed description provided below.

[0004] In a first aspect, disclosed is an apparatus for transmitting. The apparatus may comprise:
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a plurality of DACs being configured for digital-to-analogue converting a plurality of digital
baseband processed sub-band signals separated from a signal of the whole ultra-wide bandwidth,
respectively; a plurality of digital up-converters being configured for up converting the plurality
of digital-to-analogue converted sub-band signals, respectively; a plurality of intermediate
frequency processors being configured for performing intermediate frequency processing on the
plurality of up converted sub-band signals, respectively; an aggregator being configured for
aggregating the plurality of intermediate frequency processed sub-band signals into an
aggregated signal of the whole ultra-wide bandwidth; and a RF chain being configured for
processing the aggregated signal.

[0005] Inasecond aspect, disclosed is an apparatus for receiving. The apparatus may comprise:
a radio frequency chain being configured for processing a signal of the whole ultra-wide
bandwidth; a divider being configured for dividing the RF chain processed signal into a plurality
of sub-band signals; a plurality of intermediate frequency processors being configured for
performing intermediate frequency processing on the plurality of sub-band signals, respectively;
a plurality of digital down-converters being configured for down converting the plurality of
mtermediate frequency processed sub-band signals, respectively; a plurality of ADCs being
configured for analogue-to-digital converting the plurality of down converted sub-band signals,
respectively, for digital baseband processing.

[0006] Other features and advantages of the example embodiments of the present disclosure
will also be apparent from the following description of specific embodiments when read in
conjunction with the accompanying drawings, which illustrate, by way of example, the principles

of example embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Some example embodiments will now be described, by way of non-limiting examples,
with reference to the accompanying drawings.
[0008] FIG. 1 shows an exemplary block diagram of an apparatus 100 for transmitting
according to the example embodiments of the present disclosure.
[0009] FIG. 2 shows an exemplary block diagram of an apparatus 200 for receiving according

to the example embodiments of the present disclosure.
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[0010] Throughout the drawings, same or similar reference numbers indicate same or similar

elements. A repetitive description on the same elements would be omitted.

DETAILED DESCRIPTION
[0011] Herein below, some example embodiments are described in detail with reference to the
accompanying drawings. The following description includes specific details for the purpose of
providing a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In some
instances, well known circuits, techniques and components are shown in block diagram form to
avoid obscuring the described concepts and features.
[0012] Example embodiments of the present disclosure provide apparatuses for communication.
The apparatuses for communication include apparatuses for transmitting and corresponding
apparatuses for receiving, which can support ultra-wide bandwidths, for example up to tens of
GHz, in THz or Sub-THz, for example 0.06-10 THz, frequency band with simplified architecture
and significantly reduced overall system cost.
[0013] To well explore the tens of GHz bandwidth while avoiding immaturity challenge of high
sampling rate DACs/ADCs, carrier aggregation (CA) solution may be applied in the architecture
of the apparatus 100, where the ultra-wide bandwidth may be separated into multiple sub-bands
with a narrow bandwidth, avoiding strong requirement on the DACs/ADCs sampling rate.
[0014] FIG. | shows an exemplary block diagram of an apparatus 100 for transmitting
according to the example embodiments of the present disclosure. As an example, it may be
assumed that the apparatus 100 for transmitting works in a Sub-THz communication system with
carrier frequency 220 GHz and bandwidth 20 GHz.
[0015] Referring to the FIG. 1, the apparatus 100 may include a digital baseband processor 110,
a plurality of DACs 121, 122,..., 12x, a plurality of digital up-converters 131, 132, ..., 13x, a
plurality of intermediate frequency (IF) processors 141, 142, ..., 14x, an aggregator 150, and a
RF chain 160. The modules in the downstream of the baseband processing may be deemed as a
RF system.
[0016] The whole ultra-wide bandwidth may be separated into multiple continuous sub-bands.

The digital baseband processor 110 may process the multiple sub-bands, respectively, and output



WO 2024/239223 PCT/CN2023/095695

the multiple sub-band signals to the RF system for further processing.

[0017] In some embodiments, the digital baseband processor 110 may separate the signal of
the whole ultra-wide bandwidth into a plurality of sub-band signals with a narrow bandwidth and
then perform digital baseband processing on the plurality of sub-band signals.

[0018] Alternatively, in some embodiments, the signal of the whole ultra-wide bandwidth may
be separated into a plurality of sub-band signals with a narrow bandwidth before being input into
the digital baseband processor 110, and the digital baseband processor 110 may be replaced with
a plurality of digital baseband processors (not shown). The number of the plurality of digital
baseband processors may be identical to the number of the plurality of sub-band signals, and the
plurality of digital baseband processors may perform digital baseband processing on the plurality
of sub-band signals, respectively.

[0019] The digital baseband processor 110 or the plurality of digital baseband processors may
output the plurality of digital baseband processed sub-band signals separated from the signal of
the whole ultra-wide bandwidth into a plurality of processing chains of the RF system,
respectively. The whole ultra-wide bandwidth may be an ultra-wide bandwidth, for example up
to tens of GHz and may be separated into sub-bands with a narrow bandwidth of e.g. 1.25 GHz,
and thus the plurality of processing chains may work at lower bandwidths.

[0020] As an example, the FIG. 1 shows x processing chains cach including a DAC e.g. the
DAC 12x, a digital up-converter ¢.g. the digital up-converter 13x, and an IF processor, ¢.g. the
IF processor 14x, and it may be appreciated that x may be any integer larger than one. One
processing chain may process one sub-band signal output from the digital baseband processor.
For example, the DAC 12x, the digital up-converter 13x, and the IF processor 14x may process
the signal of sub-bandx, and the processing chains may be independent to each other.

[0021] The plurality of DACs 121, 122, ..., 12X may perform digital-to-analogue conversion
on the plurality of the signals of sub-bandl, sub-band2, ..., sub-bandx, respectively. On-shelf
mature DACs with low speed (sampling rate) and low cost may be employed as the DACs 121,
122, ..., 12x, and thus power-saving, feasibility, stability and reliability of the apparatus 100 may
be ensured and the cost may be significantly reduced.

[0022] The plurality of digital up-converters 131, 132, ..., 13x may up convert the plurality of

digital-to-analogue converted sub-band signals, respectively. For example, the digital up-
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converter 13x may up convert the signal of sub-bandx to be with a carrier frequency ofe.g. 3.11
GHz. Then, the plurality of IF processors 141, 142, ..., 14x may perform IF processing on the
plurality of up converted sub-band signals, respectively.

[0023] In some embodiments, an IF processor in the apparatus 100, e.g. the IF processor 14x,
may include an analog up-convertor, a filter, a power amplifier (PA), etc. The working frequency
band of the plurality of IF processors 141, 142, ..., 14x may be higher than that of the plurality
of digital up-converters 131, 132, ..., 13x and that of the plurality of DACs 121, 122, ..., 12x.
By the IF processing, the carrier frequency of the signal of the sub-bandx may be up-converted
to its own targeted frequency point, such as 12 GHz, 14 GHz, etc. The carrier frequency of the
IF processing for each sub-band may be identical or different and may be continuous within the
20 GHz bandwidth.

[0024] Then, the aggregator 150 may aggregate the plurality of IF processed sub-band signals
into an aggregated signal of the whole ultra-wide bandwidth, e.g. 20 GHz, and output the
aggregated signal to the RF chain 160 of the RF system. The working frequency band of the RF
chain 160 may be higher than that of the aggregator 150, for example, the RF chain 160 may
work at Sub-THz or THz frequency band. The RF chain 160 may be an analog processing chain.
In other words, the aggregator 150 may work as a bridge between the plurality of processing
chains working at low frequency band and the RF chain working at Sub-THz or THz frequency
band. In some embodiments, one aggregator 150 is sufficient for the apparatus 100.

[0025] In some embodiments, the RF chain 160 may be capable of working at a carrier
frequency of e.g. Sub-THz band 220 GHz, and in this case the RF chain 160 may be termed as
e.g. 220 GHz RF chain. In some embodiments, the RF chain 160 in the apparatus 100 may mainly
include a multiplier, e.g. a local oscillator (LO) multiplier for mixer, a mixer for up converting
the IF signal to 220 GHz RF for transmitting, a filter, e.g. a 220 GHz band pass filter with
bandwidth of 20 GHz, and a PA, ¢.g. a 220 GHz PA for transmitting.

[0026] Insome embodiments, one RF chain 160 is sufficient for the apparatus 100. The above-
mentioned components/chipsets in the RF chain 160 are expensive, and thus compared with a
solution without the aggregator 150 where the plurality of IF processors 141, 142, ..., 14x are
followed by a plurality of RF chains, respectively, for processing the signals of the sub-bandl,

the sub-band2, ..., the sub-bandx, the apparatus 100 according to the example embodiments of
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the present disclosure may significantly reduce the cost and simplify the architecture. Power-
saving, feasibility, stability and reliability may also be achieved with the reduced number of
modules in the apparatus 100

[0027] After the RF chain 160 processes the aggregated signal, the RF chain 160 processed
signal 170 of the original whole ultra-wide bandwidth may be transmitted from an antenna array
(not shown) over the air to receiving side.

[0028] FIG. 2 shows an exemplary block diagram of an apparatus 200 for receiving according
to the example embodiments of the present disclosure. As an example, it may be assumed that
the apparatus 200 for receiving works in a Sub-THz communication system with carrier
frequency 220 GHz and bandwidth 20 GHz.

[0029] Referring to the FIG. 2, the apparatus 200 may include a digital baseband processor 210,
a plurality of ADCs 221, 222,..., 22y, a plurality of digital down-converters 231, 232, ..., 23y, a
plurality of IF processors 241, 242, ..., 24y, a divider 250, and a RF chain 260. The modules in
the upstream of the baseband processing may be deemed as a RF system. And it may be
appreciated that the processing performed by the apparatus 200 is an inverse of that performed
by the apparatus 100.

[0030] Receiving the signal 170 of the whole ultra-wide bandwidth, e.g. 20 GHz, the RF chain
260 may process the signal 170. The RF chain 260 may be an analog processing chain. In some
embodiments, the RF chain 260 may be capable of working at a carrier frequency of e.g. Sub-
THz band 220 GHz, and in this case the RF chain 260 may be termed as ¢.g. 220 GHz RF chain.
In some embodiments, the RF chain 260 in the apparatus 200 may mainly include a multiplier,
e.g. a LO multiplier for mixer, a mixer for down converting the 220 GHz RF signal to IF signal
for receiving, and a filter, e.g. a 220 GHz band pass filter with bandwidth of 20 GHz and in some
examples further include a low noise amplifier (LNA) for receiving, e.g. a 220 GHz LNA.
[0031] Insome embodiments, one RF chain 260 is sufficient for the apparatus 200. The above-
mentioned components/chipsets in the RF chain 260 are expensive, and thus compared with a
solution without the divider 250 where a plurality of RF chains process the signals of the sub-
bandl, the sub-band2, ..., the sub-bandy, respectively, the apparatus 200 according to the
example embodiments of the present disclosure may significantly reduce the cost and simplify

the architecture. Power-saving, feasibility, stability and reliability may also be achieved with the
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reduced number of modules in the apparatus 200.

[0032] Then, the divider 250 may divide the RF chain 260 processed signal of the whole ultra-
wide bandwidth, into a plurality of sub-band signals. In some examples, the whole ultra-wide
bandwidth may be separated into multiple continuous sub-bands. The working frequency band
of the RF chain 260 may be higher than that of the divider 250, for example, the RF chain 260
may work at Sub-THz or THz frequency band. In other words, the divider 250 separates the ultra-
wide bandwidth signal into multiple narrow bandwidth signals for digital processing in multiple
narrow bandwidth sub-band processing chains. In some embodiments, one divider 250 is
sufficient for the apparatus 200.

[0033] The plurality of sub-band signals may be further processed by a plurality of processing
chains of the RF system, respectively. The plurality of processing chains may work at bandwidth
lower than the whole bandwidth.

[0034] As an example, the FIG. 2 shows y processing chains each including an IF processor
c.g. the IF processor 24y, a digital down-converter ¢.g. the digital down-converter 23y, and a
ADC c¢.g. the ADC 22y, and it may be appreciated that y may be any integer larger than one and
may be the same as or different from the number x of processing chains in the apparatus 100.
One processing chain may process one sub-band signal output from the divider 250. For example,
the IF processor 24y, the digital down-converter 23y, and the ADC 22y may process the signal
of sub-bandy, and the processing chains may be independent to each other.

[0035] The plurality of IF processors 241, 242, ..., 24y may perform IF processing on the
plurality of sub-band signals, respectively. In some embodiments, an IF processor in the
apparatus 200, e.g. the IF processor 24y, may include an analog down-convertort, a filter, a PA,
etc. The working frequency band of the plurality of IF processors 241, 242, ..., 24y may be
higher than that of the plurality of digital down-converters 231, 232, ..., 23y and that of the
plurality of ADCs 221, 222, ..., 22y. By the IF processing, the signal of sub-bandy may be down
converted to be with a carrier frequency of e.g. 3.11 GHz. The carrier frequency of the IF
processing for each sub-band may be identical or different and may be continuous within the 20
GHz bandwidth.

[0036] Then, the plurality of digital down-converters 231, 232, ..., 23y may down convert the

plurality of IF processed sub-band signals, respectively. For example, the digital down-converter
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23y may down convert the signal of sub-bandy to be with a narrow bandwidth of e.g. 1.25 GHz.
[0037] Then, the plurality of ADCs 221, 222, ..., 22y may perform analogue-to-digital
conversion on the plurality of the signals of sub-band1, sub-band2, ..., sub-bandy, respectively,
for further digital baseband processing. On-shelf mature ADCs with low speed (sampling rate)
and low cost may be employed as the ADCs 221, 222, ..., 22y, and thus power-saving
feasibility, stability and reliability of the apparatus 200 may be ensured and the cost may be
significantly reduced.

[0038] The digital baseband processor 210 may perform digital baseband processing on the
analogue-to-digital converted signals of sub-bandl1, sub-band2, ..., sub-bandy, respectively.
[0039] Alternatively, in some embodiments, the digital baseband processor 210 may be
replaced with a plurality of digital baseband processors (not shown). The number of the plurality
of digital baseband processors may be identical to the number of the plurality of sub-band signals,
and the plurality of digital baseband processors may perform digital baseband processing on the
plurality of sub-band signals, respectively.

[0040] The CA concept based architecture requires many number of RF analog processing
chains to process each sub-band signal dedicatedly, the apparatuses for communication according
to the example embodiments of the present disclosure may save the number of RF analog
processing chains. For example, only one RF analog processing chain, such as the RF chain 160
or RF chain 260 may be sufficient for the apparatus 100 or the apparatus 200.

[0041] In addition, the aggregator, e.g. the aggregator 150, and the divider, e.g. the divider 250,
are not complicated for the low working frequency band, and thus the operations of the
aggregator and the divider would not bring big extra complexity and cost.

[0042] Further, the apparatuses for communication according to the example embodiments of
the present disclosure do not need high-speed DACs/ADCs to support ultra-wide bandwidth
transmission. Low speed and low cost DACs/ADCs in digital communication systems can be
migrated to THz or Sub-THz system directly. Thus, there is no need to design advanced hardware
modules after/before the baseband signal process to adapt to THz or Sub-THz ultra-high
frequency band. Further, other devices of the processing chains of the RF system can also be
migrated from mature systems, which would help the THz or Sub-THz system co-existence with

the mature systems.
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[0043] The apparatus 100 for transmitting and the apparatus 200 for receiving according to the
example embodiments of the present disclosure can leverage multiple on-shelf mature enough
and low-cost DACs/DACs chipsets to support the ultra-wide bandwidth transmission, e.g. the
tens of GHz bandwidth transmission over THz or Sub-THz band, and can use only one analog
processing chain working at higher frequency band to conduct the analog processing, such that
power-saving, feasibility, stability and reliability may be ensured and the overall system cost can
be significantly reduced.

[0044] As used herein, “at least one of the following: <a list of two or more elements>" and “at
least one of <a list of two or more elements>" and similar wording, where the list of two or more
clements are joined by “and” or “or”, mean at least any one of the elements, or at least any two
or more of the elements, or at least all the elements.

[0045] While this disclosure includes references to illustrative embodiments, this specification
is not intended to be construed in a limiting sense. Various modifications of the described
embodiments, as well as other embodiments within the scope of the disclosure, which are
apparent to persons skilled in the art to which the disclosure pertains are deemed to lic within the
principle and scope of the disclosure, ¢.g., as expressed in the following claims. For example,
while blocks are presented in a given arrangement, alternative embodiments may perform similar
functionalities with different components and/or circuit topologics, and some blocks may be
deleted, moved, added, subdivided, combined, and/or modified. At least one of these blocks may
be implemented in a variety of different ways. The order of these blocks may also be changed.
Any suitable combination of the elements and actions of the some embodiments described above
can be combined to provide further embodiments. The accompanying claims and their
equivalents are intended to cover such forms or modifications as would fall within the scope and
spirit of the disclosure.

[0046] Some embodiments may be implemented as circuit-based processes, including possible
implementation on a single integrated circuit.

[0047] Some embodiments can be embodied in the form of methods and apparatuses for
practicing those methods. Some embodiments can also be embodied in the form of program code
recorded in tangible media, such as magnetic recording media, optical recording media, solid

state memory, floppy diskettes, CD-ROMs, hard drives, or any other non-transitory machine-
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readable storage medium, wherein, when the program code is loaded into and executed by a
machine, such as a computer or a DSP-based device, the machine becomes an apparatus for
practicing the present disclosure. Some embodiments can also be embodied in the form of
program code, for example, stored in a non-transitory machine-readable storage medium
including being loaded into and/or executed by a machine, wherein, when the program code is
loaded into and executed by a machine, such as a computer or a processor, the machine becomes
an apparatus for practicing the present disclosure. When implemented on a general-purpose
processor, the program code segments combine with the processor to provide a unique device
that operates analogously to specific logic circuits.

[0048] Unless explicitly stated otherwise, each numerical value and range should be interpreted
as being approximate as if the word “about” or “approximately” preceded the value or range.
[0049] 1t will be further understood that various changes in the details, materials, and
arrangements of the parts which have been described and illustrated in order to explain the nature
of this disclosure may be made by those skilled in the art without departing from the scope of
the disclosure, e.g., as expressed in the following claims.

[0050] The use of figure numbers and/or figure reference labels in the claims is intended to
identify one or more possible embodiments of the claimed subject matter in order to facilitate
the interpretation of the claims. Such use is not to be construed as necessarily limiting the scope
of those claims to the embodiments shown in the corresponding figures.

[0051] Although the elements in the following method claims, if any, are recited in a particular
sequence with corresponding labeling, unless the claim recitations otherwise imply a particular
sequence for implementing some or all of those elements, those elements are not necessarily
intended to be limited to being implemented in that particular sequence.

b T

[0052] Reference herein to “embodiments,” “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
can be included in at least one embodiment of the disclosure. The appearances of the phrase “in
one embodiment” in various places in the specification are not necessarily all referring to the
same embodiment, nor are separate or alternative embodiments necessarily mutually exclusive
of other embodiments. The same applies to the term “implementation.”

LSS

[0053] Unless otherwise specified herein, the use of the ordinal adjectives “first,” “second,”

10
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“third,” etc., to refer to an object of a plurality of like objects merely indicates that different
instances of such like objects are being referred to, and is not intended to imply that the like
objects so referred-to have to be in a corresponding order or sequence, either temporally, spatially,
in ranking, or in any other manner.

[0054] Unless otherwise specified herein, in addition to its plain meaning, the conjunction “if”
may also or alternatively be construed to mean “when” or “upon” or “in response to determining”
or “in response to detecting,” which construal may depend on the corresponding specific context.
For example, the phrase “if it is determined” or “if [a stated condition] is detected” may be
construed to mean “upon determining” or “in response to determining” or “upon detecting [the
stated condition or event]” or “in response to detecting [the stated condition or event].”

[0055] Unless the context clearly requires otherwise, throughout the description and the claims,

- EN1Y

the words “comprise,” “comprising,” and the like are to be construed in an inclusive sense, as

opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

>N 1Y

limited to.” Additionally, the words “herein,” “above,” “below,” and words of similar import,
when used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the description using the
singular or plural number may also include the plural or singular number respectively. The word
“or” in reference to a list of two or more items, that word covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0056] Moreover, conditional language used herein, such as, among others, “can,” “could,”

3 < M e

“might,” “may,” “e.g.,” “for example,

EE AT

such as” and the like, unless specifically stated otherwise,
or otherwise understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features, elements and/or
states. Thus, such conditional language is not generally intended to imply that features, elements
and/or states are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without author input or prompting,
whether these features, elements and/or states are included or are to be performed in any
particular embodiment.

3 W«

[0057] Also for purposes of this description, the terms “couple,” “coupling,” “coupled,”

11
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“connect,” “connecting,” or “connected” refer to any manner known in the art or later developed
in which energy is allowed to be transferred between two or more elements, and the interposition
of one or more additional elements is contemplated, although not required. Conversely, the terms
“directly coupled,” “directly connected,” etc., imply the absence of such additional elements.
[0058] The same type of distinction applies to the use of terms “attached” and “directly
attached,” as applied to a description of a physical structure. For example, a relatively thin layer
of adhesive or other suitable binder can be used to implement such “direct attachment” of the
two corresponding components in such physical structure.

[0059] The described embodiments are to be considered in all respects as only illustrative and
not restrictive. In particular, the scope of the disclosure is indicated by the appended claims rather
than by the description and figures herein. All changes that come within the meaning and range
of equivalency of the claims are to be embraced within their scope.

[0060] The description and drawings merely illustrate the principles of the disclosure. It will
thus be appreciated that those of ordinary skill in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the principles of
the disclosure and are included within its scope. Furthermore, all examples recited herein are
principally intended expressly to be only for pedagogical purposes to aid the reader in
understanding the principles of the disclosure and the concepts contributed by the inventor(s) to
furthering the art, and are to be construed as being without limitation to such specifically recited
examples and conditions. Moreover, all statements herein reciting principles, aspects, and
embodiments of the disclosure, as well as specific examples thereof, are intended to encompass
equivalents thereof.

[0061] The functions of the various elements shown in the figures, including any functional
blocks labeled as “processors” and/or “controllers,” may be provided through the use of
dedicated hardware as well as hardware capable of executing software in association with
appropriate software. When provided by a processor, the functions may be provided by a single
dedicated processor, by a single shared processor, or by a plurality of individual processors, some
of which may be shared. Moreover, explicit use of the term “processor” or “controller” should
not be construed to refer exclusively to hardware capable of executing software, and may

implicitly include, without limitation, digital signal processor (DSP) hardware, network
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processor, application specific integrated circuit (ASIC), field programmable gate array (FPGA),
read only memory (ROM) for storing software, random access memory (RAM), and non volatile
storage. Other hardware, conventional and/or custom, may also be included. Similarly, any
switches shown in the figures are conceptual only. Their function may be carried out through the
operation of program logic, through dedicated logic, through the interaction of program control
and dedicated logic, or even manually, the particular technique being seclectable by the
implementer as more specifically understood from the context.

[0062] As used in this application, the term “circuitry” may refer to one or more or all of the
following: (a) hardware-only circuit implementations (such as implementations in only analog
and/or digital circuitry); (b) combinations of hardware circuits and software, such as (as
applicable): (i) a combination of analog and/or digital hardware circuit(s) with software/firmware
and (i) any portions of hardware processor(s) with software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus, such as a
mobile phone or server, to perform various functions); and (c) hardware circuit(s) and or
processor(s), such as a microprocessor(s) or a portion of a microprocessor(s), that requires
software (e.g., firmware) for operation, but the software may not be present when it is not needed
for operation.” This definition of circuitry applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term circuitry also
covers an implementation of merely a hardware circuit or processor (or multiple processors) or
portion of a hardware circuit or processor and its (or their) accompanying software and/or
firmware. The term circuitry also covers, for example and if applicable to the particular claim
element, a baseband integrated circuit or processor integrated circuit for a mobile device or a
similar integrated circuit in server, a cellular network device, or other computing or network
device.

[0063] It should be appreciated by those of ordinary skill in the art that any block diagrams
herein represent conceptual views of illustrative circuitry embodying the principles of the
disclosure. Similarly, it will be appreciated that any flow charts, flow diagrams, state transition
diagrams, pseudo code, and the like represent various processes which may be substantially
represented in computer readable medium and so executed by a computer or processor, whether

or not such computer or processor is explicitly shown.
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[0064] “SUMMARY”™ in this specification is intended to introduce some example embodiments,
with additional embodiments being described in “DETAILED DESCRIPTION” and/or in
reference to one or more drawings. “SUMMARY™ is not intended to identify essential elements
or features of the claimed subject matter, nor is it intended to limit the scope of the claimed
subject matter.

[0065] Abbreviations used in the description and/or in the figures are defined as follows:

6G the sixth generation mobile communication technology
ADC analogue-to-digital converter
CA carrier aggregation

DAC digital-to-analogue converter
IF intermediate frequency

LNA low noise amplifier

LO local oscillator

PA power amplifier

RF radio frequency

GHz Gigahertz

Gsps Giga-samples per second
THz Terahertz

14
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WHAT IS CLAIMED IS:

1. An apparatus for transmitting, comprising:

a plurality of digital-to-analogue converters being configured for digital-to-analogue
converting a plurality of digital baseband processed sub-band signals separated from a signal of
a whole bandwidth, respectively;

a plurality of digital up-converters being configured for up converting the plurality of
digital-to-analogue converted sub-band signals, respectively;

a plurality of intermediate frequency processors being configured for performing
itermediate frequency processing on the plurality of up converted sub-band signals, respectively;

an aggregator being configured for aggregating the plurality of intermediate frequency
processed sub-band signals into an aggregated signal of the whole bandwidth; and

a radio frequency chain being configured for processing the aggregated signal.

2. The apparatus of claim 1, wherein the number of the radio frequency chain is one.

3. The apparatus of claim 1 or 2, wherein working frequency band of the radio frequency

chain is higher than that of the aggregator.

4. The apparatus of any of claims | to 3, wherein working frequency band of the plurality
of intermediate frequency processors is higher than that of the plurality of digital up-converters

and that of the plurality of digital-to-analogue converters.

5. An apparatus for receiving, comprising:

a radio frequency chain being configured for processing a signal of a whole bandwidth;

a divider being configured for dividing the radio frequency chain processed signal into a
plurality of sub-band signals;

a plurality of intermediate frequency processors being configured for performing
intermediate frequency processing on the plurality of sub-band signals, respectively;

a plurality of digital down-converters being configured for down converting the plurality of

15
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intermediate frequency processed sub-band signals, respectively;
a plurality of analogue-to-digital converters being configured for analogue-to-digital
converting the plurality of down converted sub-band signals, respectively, for digital baseband

processing.

6. The apparatus of claim 5, wherein the number of the radio frequency chain is one.

7. The apparatus of claim 5 or 6, wherein working frequency band of the radio frequency

chain is higher than that of the divider.

8. The apparatus of any of claims 5 to 7, wherein working frequency band of the plurality

of intermediate frequency processors is higher than that of the plurality of digital down-

converters and that of the plurality of analogue-to-digital converters.
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