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(57) ABSTRACT

A system and method for enhancing an aerospace coverage
capability of a mobile communication base station includes
a baseband processing unit, a remote radio unit and a
full-airspace array antenna. The full-airspace array antenna
includes a conversion channel module, an interface process-
ing module, a digital beamforming module, a transceiver
channel module and an antenna array. The baseband pro-
cessing unit is connected to the remote radio unit, the remote
radio unit is connected to the conversion channel module
through a radio-frequency cable, and the conversion channel
module is connected to the antenna array successively
through the interface processing module, the digital beam-
forming module, and the transceiver channel module.
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SYSTEM AND METHOD FOR ENHANCING
AN AEROSPACE COVERAGE CAPABILITY
OF A MOBILE COMMUNICATION BASE
STATION

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is the national phase entry of
International Application No. PCT/CN2019/104875, filed
on Sep. 9, 2019, which is based upon and claims priority to
Chinese Patent Application No. 201811286566.X, filed on
Oct. 31, 2018, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to mobile commu-
nications, and in particular, to a system and method for
enhancing an aerospace coverage capability of a mobile
communication base station.

BACKGROUND

[0003] Cellular mobile communication networks repre-
sented by the fourth generation (4G) of mobile phone mobile
communication technology standards have been integrated
into all aspects of life. Whether users are outdoors, indoors,
on the cars, or on the trains, the user terminals can reliably
access the networks to obtain high-bandwidth data trans-
mission and stable voice services.

[0004] However, the coverage of cellular mobile commu-
nication networks is mainly on the ground at present. With
the increase in various types of aerospace applications, there
is an increased demand for aerospace users such as civil
aircraft, drones and satellites to access the mobile commu-
nication networks. The existing cellular mobile communi-
cation base station mainly includes a baseband processing
unit (BBU), a remote radio unit (RRU), and an antenna. The
BBU completes baseband processing and is connected to the
RRU. The RRU completes frequency conversion processing
and is connected to the antenna through a radio-frequency
cable. The antenna completes the radiation and reception of
electromagnetic signals. However, such a base station archi-
tecture does not have a sufficient aerospace coverage capa-
bility.

SUMMARY

[0005] An objective of the present disclosure is to over-
come the shortcomings of the prior art, and to provide a
system and method for enhancing an aerospace coverage
capability of a mobile communication base station. Based on
the existing mobile communication base station, a full-
airspace array antenna is appropriately configured to achieve
the coverage of user terminals in the aerospace and effec-
tively enhance the aerospace coverage capability of the
mobile communication system.

[0006] The objective of the present disclosure is achieved
by the following technical solutions: A system for enhancing
aerospace coverage capability of a mobile communication
base station includes a baseband processing unit, a remote
radio unit, and a full-airspace array antenna.

[0007] The full-airspace array antenna includes a conver-
sion channel module, an interface processing module, a
digital beamforming module, a transceiver channel module,
and an antenna array. The transceiver channel module
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includes a plurality of transceiver channels, and the antenna
array includes a plurality of antenna array elements that are
in a one-to-one correspondence with the plurality of trans-
ceiver channels.

[0008] The baseband processing unit is connected to the
remote radio unit, the remote radio unit is connected to the
conversion channel module through a radio-frequency cable,
and the conversion channel module is connected to the
digital beamforming module through the interface process-
ing module.

[0009] The conversion channel module is configured to
realize the conversion between a radio-frequency signal and
a digital signal. The interface processing module is config-
ured to complete data aggregation and transmission between
the conversion channel module and the digital beamforming
module. The digital beamforming module is configured to
adjust amplitude and phase weighting coefficients of each
transceiver channel to form transmitting beams covering a
specific spatial domain, and the digital beamforming module
is connected to a corresponding antenna array element
through each transceiver channel.

[0010] Preferably, the morphology of the full-airspace
array antenna includes, but is not limited to, a spherical
shape, a hemispherical shape, a combination of a hemi-
spherical shape and a cylindrical shape, a polyhedral shape,
a smooth curved surface, and a mesh curved surface spliced
by polygons.

[0011] A method for achieving aerospace coverage by the
system for enhancing the aerospace coverage capability of
the mobile communication base station, including a user
access step, a user tracking step, and a user service step.

[0012] The user access step includes the following three
modes:
[0013] first, in an external auxiliary access mode: when

position information of a user is obtained in an external
manner, forming a directional beam pointing to a direction
of the user based on the position information of the user via
the full-airspace array antenna to ensure reliable access of
the user;

[0014] second, in a wide beam access mode: when the
position information of the user is unavailable, reducing the
number of array elements participating in the digital beam-
forming, to form a wide beam with a wider beam width to
cover the user and achieve the reliable access of the user;
[0015] third, in a narrow beam access mode: when the
number of the array elements participating in the digital
beamforming is constant, forming a narrow beam with a
narrower beam width to achieve beam scanning via the
full-airspace array antenna, and forming narrow beams
covering different beam positions at different times to
achieve full-airspace scanning and random access of the
user.

[0016] The user tracking step includes the following two
modes:
[0017] first, in an angle tracking mode: using a multi-beam

capability of the full-airspace array antenna to allocate a
beam by the system, and adjusting a direction of the beam
in real time based on angle tracking, to achieve tracking of
the user, thereby ensuring stable service transmission of the
user;

[0018] second, in an external auxiliary tracking mode:
reporting position information of a user equipped with a
satellite positioning receiver to the system during an access
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phase, wherein the system uses the position information to
achieve beam-oriented tracking coverage.

[0019] The user service step includes the following two
working modes:

[0020] first, in a single stream mode:

[0021] configuring the baseband processing unit and the
remote radio unit to work in a single antenna mode, wherein
at this time, the baseband processing unit processes a single
data stream, and the remote radio unit works with only one
channel; when transmitting, the full-airspace array antenna
receives a single radio-frequency signal output by the
remote radio unit, parses out a single baseband data stream,
and forms a digital beam through digital beamforming to
achieve the aerospace coverage; when receiving, the full-
airspace array antenna forms a digital beam through the
digital beamforming to achieve the aerospace coverage,
receives a user signal, parses out a single baseband data
stream, and restores the single baseband data stream into the
radio-frequency signal and outputs the radio-frequency sig-
nal to the remote radio unit;

[0022] second, in a multi-stream mode:

[0023] configuring the baseband processing unit and the
remote radio unit to work in a multi-antenna mode and
realize multi-antenna space division multiplexing through
codebook design; wherein at this time, the baseband pro-
cessing unit simultaneously processes L. data streams, and
each data stream carries data of different users, data of the
same user only exists in one data stream, and the remote
radio unit simultaneously performs frequency conversion on
L channels; when transmitting, the full-airspace array
antenna receives L. radio-frequency signals output by the
remote radio unit and parses out L. baseband data streams,
and then forms L digital beams through digital beamform-
ing, to realize the transmission of user data in L spatial
domains; when receiving, the full-airspace array antenna
forms L digital beams through digital beamforming to cover
users in the L spatial domains, receives signals of the users,
parses out L baseband data streams, and restores the L
baseband data streams into L radio-frequency signals and
outputs the L radio-frequency signals to the remote radio
unit.

[0024] The advantages of the present disclosure are as
follows. Based on the existing mobile communication base
station, in the present disclosure, the full-airspace array
antenna is appropriately configured to achieve the coverage
of user terminals in a spatial domain, which effectively
enhances the aerospace coverage capability of the mobile
communication base station. In the full-airspace array
antenna, the channel conversion module is configured to
complete the conversion of radio-frequency signals and
digital signals. Therefore, the full-airspace array antenna can
be directly connected to the radio remote unit of the existing
base station, which ensures the compatibility between the
full-airspace array antenna and the remote radio unit of the
existing base station. In the single stream mode of the
present disclosure, the high-gain narrow beam and digital
multi-beamforming technology are employed to extend the
coverage of the system, and in the multi-stream mode, the
multiple-antenna space division multiplexing is employed to
increase the number of accessed users in the aerospace.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a block diagram showing the principle of
the system of the present disclosure;
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[0026] FIG. 2 is a schematic diagram showing the prin-
ciple of the full-airspace array antenna;

[0027] FIG. 3 is a schematic diagram showing the prin-
ciple of the transceiver channel;

[0028] FIG. 4 is a schematic diagram showing the prin-
ciple of the conversion channel;

[0029] FIG. 5 is a schematic diagram of the principle of
the radio-frequency transceiver module;

[0030] FIG. 6 is a flow chart showing the method of the
present disclosure;

[0031] FIG. 7 is a schematic diagram showing the prin-
ciple of the system in a time division duplexing (TDD)
working scenario;

[0032] FIG. 8 is a schematic diagram showing the prin-
ciple of the system in a frequency division duplexing (FDD)
working scenario; and

[0033] FIG. 9 is a schematic diagram showing the aero-
space coverage of a plurality of digital beams of the full-
airspace array antenna according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] The technical solution of the present disclosure will
be further described in detail hereinafter with reference to
the drawings, however, the scope of protection of the present
disclosure is not limited to the following description.
[0035] As shown in FIG. 1 and FIG. 2, a system for
enhancing an aerospace coverage capability of a mobile
communication base station includes a baseband processing
unit, a remote radio unit, and a full-airspace array antenna.
[0036] The full-airspace array antenna includes a conver-
sion channel module, an interface processing module, a
digital beamforming module, a transceiver channel module,
and an antenna array. The transceiver channel module
includes a plurality of transceiver channels, and the antenna
array includes a plurality of antenna array elements which
are in a one-to-one correspondence with the plurality of
transceiver channels.

[0037] The baseband processing unit is connected to the
remote radio unit, the remote radio unit is connected to the
conversion channel module through a radio-frequency cable,
and the conversion channel module is connected to the
digital beamforming module through the interface process-
ing module.

[0038] The conversion channel module is configured to
realize the conversion between radio-frequency signals and
digital signals. The interface processing module is config-
ured to complete data aggregation and transmission between
the conversion channel module and the digital beamforming
module. The digital beamforming module is configured to
adjust amplitude and phase weighting coefficients of each
transceiver channel to form transmitting beams covering a
specific spatial domain. The digital beamforming module is
connected to a corresponding antenna array element through
each transceiver channel.

[0039] In an embodiment of the present disclosure, the
morphology of the full-airspace array antenna includes, but
is not limited to, a spherical shape, a hemispherical shape, a
combination of a hemispherical shape and a cylindrical
shape, a polyhedral shape, a smooth curved surface, and a
mesh curved surface spliced by polygons. In an embodiment
of the present disclosure, the baseband processing unit and
the radio remote unit are both off-the-shelf products of the
existing mobile communication base station.
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[0040] As shown in FIG. 3, each of the transceiver chan-
nels includes a radio-frequency transceiver module, a first
selection switch, a transceiver switching switch, and a first
duplexer. The digital beamforming module is connected to
the radio-frequency transceiver module. The radio-fre-
quency transceiver module is connected to the first selection
switch. The first selection switch is connected to the trans-
ceiver switching switch and the first duplexer, respectively.
The transceiver switching switch and the first duplexer are
both connected to an antenna array element corresponding to
the transceiver channel.

[0041] The conversion channel module includes a plural-
ity of conversion channels. The number of the plurality of
conversion channels is the same as the number of channels
of the radio remote unit, and the plurality of conversion
channels and the channels of the radio remote unit are
connected in one-to-one correspondence manner.

[0042] As shown in FIG. 4, the conversion channel
includes a second duplexer, a coupler, a transceiver control
unit, an envelope detection unit, a second selection switch,
and a signal conversion channel.

[0043] One end of the signal conversion channel is con-
nected to the interface processing module, and the other end
of the signal conversion channel is connected to the second
selection switch. The second selection switch is connected to
the transceiver control unit and the second duplexer, respec-
tively. The transceiver control unit is connected to the
coupler. The second duplexer and the coupler are both
connected to the remote radio unit.

[0044] The input end of the envelope detection unit is
connected to the coupler, the envelope detection unit is
configured to detect the transmitting and receiving time slots
of the signal and transmit an inspection result to a trans-
ceiver controller, and the transceiver controller completes
the receiving and transmitting switching control according
to the inspection result.

[0045] Each signal conversion channel includes a first
filtering unit, a first power detection unit, a first down-
conversion unit, a first analog-to-digital conversion unit, a
second filtering unit, a first power adjustment unit, a first
up-conversion unit, and a first digital-to-analog conversion
unit. The input end of the first filtering unit is connected to
the transceiver control unit or the duplexer through the
second selection switch. The output end of the first filtering
unit is connected to the interface processing module suc-
cessively through the first power detection unit, the first
down-conversion unit and the first analog-to-digital conver-
sion unit. The input end of the first digital-to-analog con-
version unit is connected to the interface processing module.
The output end of the first digital-to-analog conversion unit
is connected to the second filtering unit successively through
the first up-conversion unit and the first power adjustment
unit. The output end of the second filtering unit is connected
to the transceiver control unit or the duplexer through the
second selection switch.

[0046] As shown in FIG. 5, each radio-frequency trans-
ceiver module includes a second digital-to-analog conver-
sion unit, a second up-conversion unit, a third filtering unit,
a power amplification unit, a low-noise amplification unit, a
fourth filtering unit, a second power detection unit, a second
down-conversion unit and a second analog-to-digital con-
version unit. The input end of the second digital-to-analog
conversion unit is connected to the digital beamforming
module. The output end of the second digital-to-analog
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conversion unit is connected to the first selection switch
successively through the second up-conversion unit, the
third filtering unit and the power amplification unit.

[0047] The input end of the low-noise amplification unit is
connected to the first selection switch. The output end of the
low-noise amplification unit is connected to the digital
beamforming module successively through the fourth filter-
ing unit, the second power detection unit, the second down-
conversion unit and the second analog-to-digital conversion
unit.

[0048] The interface processing module includes a data
transmission unit and a power control unit. The data trans-
mission unit is configured to complete data aggregation and
transmission between the conversion channel module and
the digital beamforming module. The power control unit is
configured to receive power information detected by the first
power detection unit, and control the amplified power of the
transceiver channel module according to the power infor-
mation. Alternatively, the power control unit is configured to
receive power information collected by the second power
detection unit, and control the power adjustment in the
conversion channel module according to the power infor-
mation.

[0049] As shown in FIG. 6, a method for achieving
aerospace coverage by the system for enhancing the aero-
space coverage capability of the mobile communication base
station includes a user access step, a user tracking step, and
a user service step.

[0050] The user access step includes the following three
modes.
[0051] First, in the external auxiliary access mode: when

the position information of the user is obtained in an external
manner, the full-airspace array antenna forms a directional
beam pointing to the direction of the user based on the
position information of the user to ensure reliable access of
the user. For example, the position information of the user
such as a flight path of a civil aircraft and a moving track of
a satellite, is available in an external manner such as an air
route map, ephemeris or a surveillance device.

[0052] Second, in a wide beam access mode: when the
position information of the user is unavailable, the number
of array elements participating in digital beamforming is
reduced to form a wide beam with a wider beam width to
cover the user and achieve reliable access of the user.
[0053] Third, in a narrow beam access mode: when the
number of array elements participating in the digital beam-
forming is constant, the full-airspace array antenna forms a
narrow beam with a narrower beam width to realize beam
scanning. In an embodiment of the present disclosure, since
the full-airspace array antenna is an active phased array
antenna, the digital beamforming can be employed to con-
veniently implement the beam scanning. Therefore, narrow
beams covering different beam positions can be formed at
different times to achieve full-airspace scanning for random
access of the user, and a sufficient residence time of the beam
position can ensure reliable access of the user.

[0054] The user tracking step includes the following two
modes:
[0055] First, in an angle tracking mode: the system uses

multi-beam capability of the full-airspace array antenna to
allocate a beam, and adjusts the direction of the beam in real
time based on the angle tracking to achieve tracking of a
user, thereby ensuring stable service transmission of the
user.
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[0056] Second, in an external auxiliary tracking mode: the
position information of a user equipped with a satellite
positioning receiver such as a global positioning system
(GPS) or BeiDou positioning system, is reported to the
system during an access phase, and the system uses the
position information of the user to achieve beam-oriented
tracking coverage.

[0057] The user service step includes the following two
scenarios:
[0058] In a TDD working scenario, the first selection

switch is controlled to connect the radio-frequency trans-
ceiver module to the transceiver switching switch, and the
second selection switch is controlled to connect the signal
conversion channel to the transceiver control unit. As shown
in FIG. 7, the output signal of the remote radio unit is
coupled and sent to the envelope detection unit, and the size
of'the envelope signal is detected. If the size of the envelope
signal is greater than a threshold, the size of the envelope
signal is a transmitting time slot; if the size of the envelope
signal is less than the threshold, the size of the envelope
signal is a receiving time slot.

[0059] If the size of the envelope signal is detected to be
the transmitting time slot, the output signal of the remote
radio unit is filtered, power detected, down-converted, and
analog-to-digital converted by the conversion channel to
obtain an original baseband sending signal and transmit the
original baseband sending signal to the interface processing
module. The interface processing module completes data
aggregation and distributes the data to the digital beamform-
ing module. The digital beamforming module adjusts the
amplitude and phase weighting coefficients of each channel
to form transmitting beams covering a specific spatial
domain. After the amplitude and phase of the baseband
signals of respective channels are adjusted, the baseband
signals of respective channels complete the digital-to-analog
conversion, up-conversion, filtering through the transceiver
channel and perform signal amplification based on a power
detection value, and are radiated through an array element
under the control of the transceiver switching switch.
[0060] If the size of the envelope signal is detected to be
the receiving time slot, the signals received by each antenna
array element are amplified, filtered, power detected, down-
converted, and analog-to-digital converted by the trans-
ceiver channel and then are input into the digital beamform-
ing module under the control of the transceiver switching
switch. The digital beamforming module adjusts amplitude
and phase weighting coefficients of each channel to form
receiving beams covering a specific spatial domain. The
interface processing module aggregates and distributes the
beamformed receiving signals to the conversion channel
module. The conversion channel module performs digital-
to-analog conversion, up-conversion, filtering, and radio-
frequency signal power adjustment based on the power
detection value to obtain and transmit the radio-frequency
receiving signal to the radio remote unit.

[0061] In the FDD working scenario,

[0062] as shown in FIG. 8, the first selection switch is
controlled to connect the radio-frequency transceiver mod-
ule to the first duplexer, and the second selection switch is
controlled to connect the signal conversion channel to the
second duplexer.

[0063] The duplexer in the conversion channel separates
the transmitting and receiving signals, and for the transmit-
ting signal, the output signal of the remote radio unit is
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output to the conversion channel through the duplexer. The
output signal of the remote radio unit is filtered, power
detected, down-converted, and analog-to-digital converted
by the conversion channel to obtain an original baseband
sending signal and transmit the original baseband sending
signal to the interface processing module. The interface
processing module completes data aggregation and distrib-
utes the data to the digital beamforming module. The digital
beamforming module adjusts amplitude and phase weight-
ing coefficients of each channel to form transmitting beams
covering a specific spatial domain. After the amplitude and
phase of the baseband signals of respective channels are
adjusted, the baseband signals of respective channels com-
plete the digital-to-analog conversion, up-conversion, filter-
ing through the transceiver channel and perform signal
amplification based on a power detection value, and are
radiated through an array element after passing through the
duplexer.

[0064] For the receiving signal, the signal received by
each antenna array element enters each transceiver channel
through the duplexer to be amplified, filtered, power
detected, down-converted, and analog-to-digital converted,
and then is input into the digital beamforming module. The
digital beamforming module adjusts amplitude and phase
weighting coefficients of each channel to form the receiving
beams covering a specific spatial domain. The interface
processing module aggregates and distributes the beam-
formed receiving signals to the conversion channel module.
The conversion channel module performs digital-to-analog
conversion, up-conversion, filtering, and radio-frequency
signal power adjustment based on the power detection value
to obtain a radio-frequency receiving signal and transmit the
radio-frequency receiving signal to the radio remote unit
through the duplexer.

[0065] The TDD working scenario and the FDD working
scenario both include the following two working modes.
[0066] First, in the single stream mode:

[0067] the baseband processing unit and the remote radio
unit are configured to work in a single antenna mode, at this
time, the baseband processing unit processes a single data
stream, the remote radio unit works with only one channel.
When transmitting, the full-airspace array antenna receives
a single radio-frequency signal output by the remote radio
unit, parses out a single baseband data stream, and forms a
digital beam through digital beamforming to achieve aero-
space coverage; when receiving, the full-airspace array
antenna forms a digital beam through digital beamforming
to achieve the aerospace coverage, receives a user signal,
parses out a single baseband data stream, and restores the
single baseband data stream into the radio-frequency signal
and outputs the radio-frequency signal to the remote radio
unit.

[0068] Second, in a multi-stream mode:

[0069] the baseband processing unit and the remote radio
unit are configured to work in a multi-antenna mode and
realize multi-antenna space division multiplexing through
the codebook design, at this time, the baseband processing
unit simultaneously processes L. data streams, each data
stream carries data of different users, data of the same user
only exists in one data stream, and the remote radio unit
simultaneously performs frequency conversion on L chan-
nels; when transmitting, the full-airspace array antenna
receives [ radio-frequency signals output by the remote
radio unit and parses out L baseband data streams, and then
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forms L digital beams through digital beamforming, so as to
realize the transmission of user data in L spatial domains;
when receiving, the full-airspace array antenna forms L
digital beams through digital beamforming to cover users in
the L spatial domains, receives signals of the user, parses out
L baseband data streams, and restores the L baseband data
streams into [ radio-frequency signals and outputs the L.
radio-frequency signals to the remote radio unit. Herein, the
increase in system capacity brought by the multi-antenna
space division multiplexing reflects in the increase in the
number of accessed users in the aerospace rather than the
increase in the data transmission rate of a single user.
[0070] As shown in FIG. 9, the full-airspace array antenna
can use digital multi-beamforming technology to simulta-
neously form a plurality of digital beams to improve the
aerospace coverage. The power detection is used for deter-
mining whether there is a user uplink signal in a certain
beam, if there is no user uplink signal in the beam, the signal
of the beam does not participate in the beam superposition
to avoid introducing additional noise.

[0071] Based on the existing mobile communication base
station, in the present disclosure, the full-airspace array
antenna is appropriately configured to replace the existing
antenna to achieve the coverage and access of user terminals
in a spatial domain, which effectively enhances the aero-
space coverage capability of the communication system. In
the full-airspace array antenna, the channel conversion mod-
ule is configured to complete the conversion of radio-
frequency signals and digital signals. Therefore, the full-
airspace array antenna can be directly connected to the radio
remote unit of the existing base station, to ensure the
compatibility between the full-airspace array antenna and
the remote radio unit of the existing base station. In the
single stream mode of the present disclosure, the high-gain
narrow beam and the digital multi-beamforming technology
are employed to improve the coverage of the system, and in
the multi-stream mode, the multiple-antenna space-division
multiplexing is employed to improve the number of
accessed users in the aerospace.

[0072] It should be noted that the foregoing descriptions
are only the preferred embodiments of the present disclosure
and are not intended to limit the present disclosure. Although
the present disclosure has been described in detail with
reference to the foregoing embodiments, those skilled in the
art can still make several modifications to the technical
solutions described in the foregoing embodiments, or make
equivalent replacements to some technical features thereof.
For example, the division of the module is a logical func-
tional division method, and other division methods can also
be used in the actual implementation, which can be com-
bined or separated, or some features can be ignored or not
implemented. The division of the module can be imple-
mented by hardware or software functional units. Any
modifications, equivalent replacements, improvements and
the like made within the spirit and principle of the present
disclosure shall fall within the scope of protection of the
present disclosure.

What is claimed is:

1. A system for enhancing an aerospace coverage capa-
bility of a mobile communication base station, comprising:

a baseband processing unit,
a remote radio unit, and
a full-airspace array antenna;
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wherein

the full-airspace array antenna comprises a conversion
channel module, an interface processing module, a
digital beamforming module, a transceiver channel
module, and an antenna array;

the transceiver channel module comprises a plurality of

transceiver channels, and the antenna array comprises
a plurality of antenna array elements, wherein the
plurality of antenna array elements are in a one-to-one
correspondence with the plurality of transceiver chan-
nels;

the baseband processing unit is connected to the remote

radio unit, the remote radio unit is connected to the
conversion channel module through a radio-frequency
cable, and the conversion channel module is connected
to the digital beamforming module through the inter-
face processing module; and

the conversion channel module is configured to realize a

conversion between a radio-frequency signal and a
digital signal; the interface processing module is con-
figured to complete data aggregation and transmission
between the conversion channel module and the digital
beamforming module; the digital beamforming module
is configured to adjust an amplitude and phase weight-
ing coefficient of each transceiver channel of the plu-
rality of transceiver channels to form transmitting
beams covering a spatial domain; and the digital beam-
forming module is connected to each antenna array
element of the plurality of antenna array elements
through the each transceiver channel, wherein the each
antenna array element corresponds to the each trans-
ceiver channel.

2. The system for enhancing the aerospace coverage
capability of the mobile communication base station accord-
ing to claim 1, wherein, a morphology of the full-airspace
array antenna comprises a spherical shape, a hemispherical
shape, a combination of the hemispherical shape and a
cylindrical shape, a polyhedral shape, a smooth curved
surface, and a mesh curved surface spliced by polygons.

3. A method for achieving aerospace coverage by the
system for enhancing the aerospace coverage capability of
the mobile communication base station according to claim 1,
comprising:

a user access step,

a user tracking step, and

a user service step.

4. The method for achieving the aerospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 3, wherein, the user access step comprises:

in an external auxiliary access mode, when position

information of a user is obtained in an external manner,
forming a directional beam pointing to a direction of
the user based on the position information of the user
via the full-airspace array antenna to ensure reliable
access of the user;

in a wide beam access mode, reducing, when the position

information of the user is unavailable, a number of
antenna array elements of the plurality of antenna array
elements, to form a wide beam with a wider beam
width to cover the user and achieve the reliable access
of the user; wherein the antenna array elements of the
plurality of antenna array elements participate in digital
beamforming; and
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in a narrow beam access mode, forming, when the number
of'the antenna array elements participating in the digital
beamforming is constant, a narrow beam with a nar-
rower beam width to achieve beam scanning via the
full-airspace array antenna, and forming narrow beams
covering different beam positions at different times to
achieve full-airspace scanning and random access of
the user.

5. The method for achieving the aerospace coverage by

the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 3, wherein, the user tracking step comprises:

in an angle tracking mode, using a multi-beam capability
of the full-airspace array antenna to allocate a beam by
the system, and adjusting a direction of the beam in real
time based on angle tracking, to achieve tracking of a
user and ensure stable service transmission of the user;
and

in an external auxiliary tracking mode, reporting position
information of the user equipped with a satellite posi-
tioning receiver to the system during an access phase,
wherein the system uses the position information of the
user equipped with the satellite positioning receiver to
achieve beam-oriented tracking coverage.
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when receiving, the full-airspace array antenna forms L
digital beams through the digital beamforming to cover
the plurality of users in the L. spatial domains, receives
signals of the plurality of users in the L spatial domains,
parses out second L. baseband data streams, restores the
second L baseband data streams into second L radio-
frequency signals, and outputs the second L radio-
frequency signals to the remote radio unit.

7. The method for achieving the aerospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 3, wherein, a morphology of the full-airspace array
antenna comprises a spherical shape, a hemispherical shape,
a combination of the hemispherical shape and a cylindrical
shape, a polyhedral shape, a smooth curved surface, and a
mesh curved surface spliced by polygons.

8. The method for achieving the acrospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 7, wherein, the user access step comprises:

in an external auxiliary access mode, when position
information of a user is obtained in an external manner,
forming a directional beam pointing to a direction of
the user based on the position information of the user

6. The method for achieving the aerospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 3, wherein, the user service step comprises:

in a single stream mode,

configuring the baseband processing unit and the remote

via the full-airspace array antenna to ensure reliable
access of the user;

in a wide beam access mode, reducing, when the position

information of the user is unavailable, a number of
antenna array elements of the plurality of antenna array

radio unit to work in a single antenna mode, wherein
the baseband processing unit processes a single data
stream, and the remote radio unit works with only one
channel;

when transmitting, the full-airspace array antenna

receives a first single radio-frequency signal output by
the remote radio unit, parses out a first single baseband
data stream, and forms a digital beam through digital
beamforming to achieve the aerospace coverage;

when receiving, the full-airspace array antenna forms the

digital beam through the digital beamforming to
achieve the aerospace coverage, the full-airspace array
antenna receives a signal of a user, parses out a second
single baseband data stream, restores the second single
baseband data stream into a second radio-frequency
signal, and outputs the second radio-frequency signal to
the remote radio unit;

in a multi-stream mode,
configuring the baseband processing unit and the remote

radio unit to work in a multi-antenna mode and realize
multi-antenna space division multiplexing through
codebook design; wherein the baseband processing unit
simultaneously processes L data streams, and each data
stream of the L. data streams carries data of a plurality
of users, data of a user of the plurality of users only
exists in one data stream of the L data streams, and the
remote radio unit simultaneously performs a frequency
conversion on L channels;

when transmitting, the full-airspace array antenna

receives first L radio-frequency signals output by the
remote radio unit, parses out first . baseband data
streams, and then forms L. digital beams through the
digital beamforming, to realize transmission of the data
of the plurality of users in L spatial domains; and

elements, to form a wide beam with a wider beam
width to cover the user and achieve the reliable access
of the user; wherein the antenna array elements of the
plurality of antenna array elements participate in digital
beamforming; and

in a narrow beam access mode, forming, when the number
of the antenna array elements participating in the digital
beamforming is constant, a narrow beam with a nar-
rower beam width to achieve beam scanning via the
full-airspace array antenna, and forming narrow beams
covering different beam positions at different times to
achieve full-airspace scanning and random access of
the user.

9. The method for achieving the aerospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 7, wherein, the user tracking step comprises:

in an angle tracking mode, using a multi-beam capability
of the full-airspace array antenna to allocate a beam by
the system, and adjusting a direction of the beam in real
time based on angle tracking, to achieve tracking of a
user and ensure stable service transmission of the user;
and

in an external auxiliary tracking mode, reporting position
information of the user equipped with a satellite posi-
tioning receiver to the system during an access phase,
wherein the system uses the position information of the
user equipped with the satellite positioning receiver to
achieve beam-oriented tracking coverage.

10. The method for achieving the aerospace coverage by
the system for enhancing the acrospace coverage capability
of the mobile communication base station according to
claim 7, wherein, the user service step comprises:
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in a single stream mode,

configuring the baseband processing unit and the remote
radio unit to work in a single antenna mode, wherein
the baseband processing unit processes a single data
stream, and the remote radio unit works with only one
channel;

when transmitting, the full-airspace array antenna
receives a first single radio-frequency signal output by
the remote radio unit, parses out a first single baseband
data stream, and forms a digital beam through digital
beamforming to achieve the aerospace coverage;

when receiving, the full-airspace array antenna forms the
digital beam through the digital beamforming to
achieve the aerospace coverage, the full-airspace array
antenna receives a signal of a user, parses out a second
single baseband data stream, restores the second single
baseband data stream into a second radio-frequency
signal, and outputs the second radio-frequency signal to
the remote radio unit;

in a multi-stream mode,

configuring the baseband processing unit and the remote
radio unit to work in a multi-antenna mode and realize
multi-antenna space division multiplexing through
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codebook design; wherein the baseband processing unit
simultaneously processes L data streams, and each data
stream of the . data streams carries data of a plurality
of users, data of a user of the plurality of users only
exists in one data stream of the L data streams, and the
remote radio unit simultaneously performs a frequency
conversion on L channels;

when transmitting, the full-airspace array antenna
receives first L. radio-frequency signals output by the
remote radio unit, parses out first . baseband data
streams, and then forms L digital beams through the
digital beamforming, to realize transmission of the data
of the plurality of users in L spatial domains; and

when receiving, the full-airspace array antenna forms L
digital beams through the digital beamforming to cover
the plurality of users in the L. spatial domains, receives
signals of the plurality of users in the L spatial domains,
parses out second L. baseband data streams, restores the
second L baseband data streams into second L radio-
frequency signals, and outputs the second L radio-
frequency signals to the remote radio unit.

#* #* #* #* #*



