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(57) ABSTRACT

An airborne device which has a bus interface and a dedi-
cated wireless transmission apparatus connected to the bus
interface, the dedicated wireless transmission apparatus
includes: an interface conversion module; and a wireless
transmission module. The interface conversion module is
configured to convert bus data received from the bus inter-
face into a data packet suitable for transmission using a
radio access technology, and/or to convert a data packet
received from the wireless transmission module into bus
data corresponding to the bus interface. The wireless trans-
mission module is configured to use the radio access tech-
nology to transmit the converted data packet, and/or to
receive the data packet transmitted using the radio access
technology. In addition, a method and a system for wireless
interconnection between airborne devices.
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ONBOARD DEVICE, AND METHOD AND
SYSTEM FOR WIRELESS
INTERCONNECTION BETWEEN ONBOARD
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to wireless commu-
nication, and more specifically to an airborne device and a
method and a system for wireless interconnection between
airborne devices of an aircraft.

BACKGROUND

[0002] In a modern aircraft, there is a large amount of air-
borne devices (e.g. sensor devices, navigation devices, dis-
play devices, flight control devices, etc.). At present, the
data transmission between the airborne devices in the air-
craft is generally implemented by means of a data bus (for
example, an aeroradio ARINC 429 or 664 bus). The data
transmission in this way has a low rate. Due to the transmis-
sion characteristics of the bus, a large number of airborne
devices have to be interconnected in order to perform a spe-
cific aircraft function, which greatly increases the number
and weight of the aircraft cables. Also, with the increase in
operating time, the desoldering of the shielded cables will
significantly reduce the quality of signal transmission.
[0003] Therefore, there is a need in the art for realizing
interconnection between airborne devices of an aircraft in
an efficient manner.

SUMMARY

[0004] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used as
an aid in determining the scope of the claimed subject
matter.

[0005] The purpose of the present invention is to realize
the interconnection between airborne devices of an aircraft
in an efficient and convenient manner.

[0006] According to an aspect of the present invention,
there is provided an airborne device having an associated
bus interface, wherein the airborne device comprises: a
dedicated wireless transmission apparatus connected to the
bus interface, wherein the dedicated wireless transmission
apparatus comprises: an interface conversion module; and
a wireless transmission module, wherein the interface con-
version module is configured to convert bus data received
from the bus interface into a data packet suitable for trans-
mission using a specific radio access technology, and/or to
convert a data packet received from the wireless transmis-
sion module into bus data corresponding to the bus inter-
face, wherein the wireless transmission module is config-
ured to use the specific radio access technology to transmit
the data packet converted by the interface conversion mod-
ule, and/or to receive a data packet transmitted using the
specific radio access technology.

[0007] According to another aspect of the present inven-
tion, there is provided a system for wireless interconnection
between airborne devices of an aircraft, wherein the system
comprises: an airborne wireless interconnection network
apparatus, wherein the airborne wireless interconnection
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network apparatus is configured to build an internal wireless
communication network for the aircraft; and one or more
airborne devices according to the present invention.

[0008] According to yet another aspect of the present
invention, there is provided a method for wireless intercon-
nection between a first airborne device and a second air-
borne device of an aircraft, wherein the first airborne device
has a first bus interface and a first dedicated wireless trans-
mission apparatus connected to the first bus interface,
wherein the second airborne device has a second bus inter-
face and a second dedicated wireless transmission apparatus
connected to the second bus interface, wherein the method
may comprise: using an airborne wireless interconnection
network apparatus to build an internal wireless communica-
tion network for the aircraft; converting, by the first dedi-
cated wireless transmission apparatus, first bus data
received from the first bus interface into a first data packet
suitable for transmission through the wireless communica-
tion network and transmitting the first data packet to the air-
borne wireless interconnection network apparatus; and
receiving, by the second dedicated wireless transmission
apparatus from the airborne wireless interconnection net-
work apparatus, a second data packet corresponding to the
first data packet transmitted by the first dedicated wireless
transmission apparatus, converting the second data packet
into second bus data corresponding to the second bus inter-
face, and transmitting the second bus data to the second bus
interface.

[0009] Adopting the airborne device of the present inven-
tion and the system and method for wireless interconnection
between airborne devices of an aircraft can effectively
reduce the number of cables in the aircraft without affecting
the structure of the existing airborne devices, thereby redu-
cing the weight of the aircraft, saving the space occupied by
the cables, and reducing the workload of designers in arran-
ging the cables.

[0010] These and other features and advantages will
become apparent, upon reviewing the following Detailed
Description in conjunction with the accompanying figures.
It is to be understood that both the foregoing general
description and the following detailed description are illus-
trative only and are not restrictive in aspects as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above-recited fea-
tures of the present invention can be understood in detail, a
more particular description, briefly summarized above, may
be by reference to embodiments, some of which are illu-
strated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only certain typical
aspects of the present invention and are therefore not to be
considered limiting of its scope, for the description may
admit to other equally effective aspects.

[0012] FIG. 1 illustrates a system for wireless intercon-
nection between airborne devices according to one embodi-
ment of the present invention.

[0013] FIG. 2A is a diagram illustrating an example of a
downlink subframe for a 5G frame structure.

[0014] FIG. 2B is a diagram illustrating an example of a
downlink channels within the downlink subframe for a 5G
frame structure.

[0015] FIG. 2C is a diagram illustrating an example of an
uplink subframe for a 5G frame structure.
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[0016] FIG. 2D is a diagram illustrating an example of
uplink channels within the uplink subframe for a 5G frame
structure.

[0017] FIG. 3 illustrates a block diagram of an airborne
device according to one embodiment of the present
invention.

[0018] FIG. 4 illustrates a block diagram of an airborne
wireless interconnection network apparatus according to
one embodiment of the present invention.

[0019] FIG. S illustrates a diagram of an airborne device in
communication with an airborne base station according to
one embodiment of the present invention.

[0020] FIG. 6 illustrates a flow chart of a method for send-
ing data by an airborne device according to one embodiment
of the present invention.

[0021] FIG. 7 illustrates a flow chart of a method for
receiving data by an airborne device according to one embo-
diment of the present invention.

[0022] FIG. 8 illustrates a flow chart of a method for wire-
less interconnection between a first airborne device and a
second airborne device according to one embodiment of
the present invention.

DETAILED DESCRIPTION

[0023] The present invention will be described in detail
below in conjunction with accompanying drawings. The
features of the present invention will be further manifested
in the following detailed description.

[0024] As mentioned above, at present, the data transmis-
sion between the airborne devices in an aircraft is generally
implemented by means of a data bus. The data transmission
in this way has a low rate. Due to the transmission charac-
teristics of the bus, a large number of airborne devices have
to be interconnected in order to perform a specific aircraft
function, which greatly increases the number and weight of
the aircraft cables. Also, with the increase in operating time,
the desoldering of the shielded cables will significantly
reduce the quality of signal transmission. The present inven-
tion incorporates the wireless networking technology, keeps
the structures of the devices in the aircraft unchanged, con-
figures dedicated wireless transmission modules for various
bus interfaces of the devices, and packs the bus data, e.g.,
otherwise transmitted on an ARINC 429, ARINC 664,
ARINC 825, or Ethernet bus, into packets for transmission,
thereby achieving wireless interconnection between air-
borne devices. Because the structures of the existing air-
borne devices are not changed and the packaging method
is simple, the method and system proposed by the present
invention can be quickly deployed in the aircraft.

[0025] In the present invention, an “airborne device”
refers to any electronic device that can be installed in an
aircraft, including but not limited to a sensor device, a navi-
gation device, a display device, a flight control device, an in-
flight entertainment device and so on. These airborne
devices typically have associated bus interfaces to transmit
and/or receive data on the corresponding bus. Examples of
the bus may include ARINC 429 bus, ARINC 664 bus,
ARINC 825 bus, discrete bus, analog bus, Ethernet bus,
etc. The data transmitted on the bus may include flight sta-
tus, flight speed, avionics data, navigation data, video data,
audio data, flight control data and so on. The wireless net-
working technology of the present invention can be imple-
mented using any radio access technology, such as 2G radio
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access technology, 3G radio access technology, 4G radio
access technology, 5G radio access technology, or a radio
access technology developed in the future. The present
invention is explained below with reference to 5G radio
access technology, but it should be understood that the pre-
sent invention is not limited to 5G radio access technology,
and that any other suitable radio access technology may be
used.

[0026] FIG. 1 illustrates a system 100 for wireless inter-
connection between airborne devices of an aircraft accord-
ing to one embodiment of the present invention. The system
100 may include airborne devices 102, 104, 106, 108 and
110. It should be noted that, in practice, the number of air-
borne devices may be greater or smaller. Each airborne
device may be an airborne line replaceable unit (LRU) and
may include an associated bus interface (e.g., an ARINC
429 interface). To enable wireless interconnection between
airborne devices, each airborne device may further comprise
a dedicated wireless transmission apparatus connected to the
bus interface. For example, if the bus interface is an ARINC
429 interface, then the dedicated wireless transmission
apparatus connected thereto is a wireless transmission appa-
ratus dedicated for the ARINC 429 interface. Alternatively,
if the bus interface 1s an ARINC 664 interface, then the dedi-
cated wireless transmission apparatus connected thereto is a
wireless transmission apparatus dedicated for the ARINC
664 interface. In one embodiment, the airborne devices
102, 104, 106, 108, and 110 may include the same bus inter-
face (e.g., an ARINC 429 interface). In another embodi-
ment, the airborne devices 102, 104, 106, 108, and 110
may include different bus interfaces, for example, the air-
borne devices 102, 104 may include an ARINC 429 inter-
face, the airborne devices 106, 108 may include an ARINC
664 interface, and the airborne device 110 may include an
Ethernet interface. Fach dedicated wireless transmission
apparatus may include an interface conversion module (for
example, a conversion connector shown in FIG. 1) and a
wireless transmission module (for example, a 5G module
shown in FIG. 1). The interface conversion module may
be configured to convert bus data output by the bus interface
into a data packet suitable for transmission using 5G radio
access technology (for example, directly pack the bus data
according to the 5G protocol, or convert the bus data into
original data and then pack the original data according to the
5G protocol) and send the generated data packet to the wire-
less transmission module. In addition, the interface conver-
sion module may also be configured to unpack a data packet
received from the wireless transmission module and convert
it into corresponding bus data for transmission to the corre-
sponding bus interface. The wireless transmission module
may be configured to use 5G technology to transmit a data
packet received from the interface conversion module to the
internal 5G network for the aircraft, and/or use 5G technol-
ogy to receive a data packet from the internal 5G network
for the aircraft.

[0027] The system 100 may further include an airborne
wireless interconnection network apparatus, for example,
an airborne 5G interconnection network apparatus 120.
The airborne wireless interconnection network apparatus
may be configured to build an internal wireless communica-
tion network (e.g., 5G wireless communication network
130) for the aircraft for data communication between air-
borne devices. The airborne wireless interconnection net-
work apparatus 120 may include a radio access network
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RAN and a core network. The radio access network RAN
may implement any of one or more suitable wireless com-
munication technologies to provide radio access to airborne
devices. As an example, the RAN may operate according to
the 3rd Generation Partnership Project (3GPP) New Radio
(NR) specification, commonly referred to as 5G. The RAN
may include one or more airborne base stations. The air-
borne base station is a network element in the radio access
network responsible for radio transmission and reception to
and from airborne devices. The wireless communication
between the RAN and airborne devices may be described
as utilizing the air interface. Transmission over the air inter-
face from an airborne base station to one or more airborne
devices may be referred to as downlink (DL) transmission.
Transmission from an airborne device to an airborne base
station may be referred to as uplink (UL) transmission. In
some examples, access to the air interface may be sched-
uled, with the airborne base station allocating resources for
communication among some or all of the airborne devices
within its service area. In the present invention, the airborne
base station may be responsible for scheduling, assigning,
reconfiguring, and releasing resources for one or more air-
borne devices. The core network may be part of the wireless
communication network and may be independent of the
radio access technology used in the RAN. In some exam-
ples, the core network may be configured according to 5G
standards (e.g., SGC). In the present invention, the core net-
work may perform operations such as data packing, unpack-
ing, centralized management, and sub-packing, and may be
connected with other airborne devices in the aircraft to
implement functions such as data exchange and logic
control.

[0028] FIG. 2A is a diagram 200 illustrating an example of
a DL subframe within a 5G/NR frame structure. FIG. 2B is a
diagram 230 illustrating an example of channels within a DL
subframe. FIG. 2C is a diagram 250 illustrating an example
of an UL subframe within a SG/NR frame structure. FIG. 2D
is a diagram 280 illustrating an example of channels within
an UL subframe. The SG/NR frame structure may be FDD
in which for a particular set of subcarriers (carrier system
bandwidth), subframes within the set of subcarriers are dedi-
cated for either DL or UL, or may be TDD in which for a
particular set of subcarriers (carrier system bandwidth), sub-
frames within the set of subcarriers are dedicated for both
DL and UL. In the examples provided by FIGS. 2A, 2C, the
5G/NR frame structure is assumed to be TDD, with sub-
frame 4 a DL subframe and subframe 7 an UL subframe.
While subframe 4 is illustrated as providing just DL and
subframe 7 is illustrated as providing just UL, any particular
subframe may be split into different subsets that provide
both UL and DL. Note that the description infra applies
also to a 5G/NR frame structure that is FDD.

[0029] Other wireless communication technologies may
have a different frame structure and/or different channels.
A frame (10 ms) may be divided into 10 equally sized sub-
frames (1 ms). Each subframe may include one or more time
slots. Each slot may include 7 or 14 symbols, depending on
the slot configuration. For slot configuration 0, each slot
may include 14 symbols, and for slot configuration 1, each
slot may include 7 symbols. The number of slots within a
subframe is based on the slot configuration and the numer-
ology. For slot configuration 0, different numerologies 0 to 5
allow for 1, 2, 4, 8, 16, and 32 slots, respectively, per sub-
frame. For slot configuration 1, different numerologies 0 to
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2 allow for 2, 4, and 8 slots, respectively, per subframe. The
subcarrier spacing and symbol length/duration are a func-
tion of the numerology. The subcarrier spacing may be
equal to 2# * 15 kHz, where y is the numerology 0-5. The
symbol length/duration is inversely related to the subcarrier
spacing. FIGS. 2A, 2C provide an example of slot config-
uration 1 with 7 symbols per slot and numerology 0 with 2
slots per subframe. The subcarrier spacing is 15 kHz and
symbol duration is approximately 66.7 ps.

[0030] A resource grid may be used to represent the frame
structure. Fach time slot includes a resource block (RB)
(also referred to as physical RBs (PRBs)) that extends 12
consecutive subcarriers. The resource grid is divided into
multiple resource elements (REs). The number of bits car-
ried by each RE depends on the modulation scheme.
[0031] As illustrated in FIG. 2A, some of the REs may
carry reference (pilot) signals (RS) for the airborne device
(indicated as R). The RS may include demodulation RS
(DM-RS) and channel state information reference signals
(CSI-RS) for channel estimation at the airborne device.
The RS may also include beam measurement RS (BRS),
beam refinement RS (BRRS), and phase tracking RS (PT-
RS).

[0032] FIG. 2B illustrates an example of various channels
within a DL subframe of a frame. The physical control for-
mat indicator channel (PCFICH) is within symbol 0 of slot
0, and carries a control format indicator (CF) that indicates
whether the physical downlink control channel (PDCCH)
occupies 1, 2, or 3 symbols (FIG. 2B illustrates a PDCCH
that occupies 3 symbols). The PDCCH carries downlink
control information (DCI) within one or more control chan-
nel elements (CCEs), each CCE including nine RE groups
(REGs), each REG including four consecutive REs in an
OFDM symbol. An airborne device may be configured
with an airborne device-specific enhanced PDCCH
(ePDCCH) that also carries DCI. The ePDCCH may have
2, 4, or 8 RB pairs (FIG. 2B shows two RB pairs, each sub-
set including one RB pair). The physical hybrid automatic
repeat request (ARQ) (HARQ) indicator channel (PHICH)
is also within symbol 0 of slot 0 and carries the HARQ indi-
cator (HI) that indicates HARQ acknowledgement (ACK) /
negative ACK (NACK) feedback based on the physical
uplink shared channel (PUSCH). The primary synchroniza-
tion channel (PSCH) may be within symbol 6 of slot 0
within subframes 0 and 5 of a frame. The PSCH carries a
primary synchronization signal (PSS) that is used by an air-
borne device to determine subframe/symbol timing and a
physical layer identity. The secondary synchronization
channel (SSCH) may be within symbol 5 of slot 0 within
subframes 0 and 5 of a frame. The SSCH carries a secondary
synchronization signal (SSS) that is used by an airborne
device to determine a physical layer cell identity group num-
ber and radio frame timing. Based on the physical layer
identity and the physical layer cell identity group number,
the airborne device can determine a physical cell identifier
(PCI). Based on the PCI, the airborne device can determine
the locations of the aforementioned DL-RS. The physical
broadcast channel (PBCH), which carries a master informa-
tion block (MIB), may be logically grouped with the PSCH
and SSCH to form a synchronization signal (SS)/PBCH
block. The MIB provides a number of RBs in the DL system
bandwidth, a PHICH configuration, and a system frame
number (SFN). The physical downlink shared channel
(PDSCH) carries user data, broadcast system information
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not transmitted through the PBCH such as system informa-
tion blocks (SIBs), and paging messages.

[0033] As illustrated in FIG. 2C, some of the REs carry
demodulation reference signals (DM-RS) for channel esti-
mation at the base station. The airborne device may addi-
tionally transmit sounding reference signals (SRS) in the
last symbol of a subframe. The SRS may have a comb struc-
ture, and an airborne device may transmit SRS on one of the
combs. The SRS may be used by a base station for channel
quality estimation to enable frequency-dependent schedul-
ing on the UL.

[0034] FIG. 2D illustrates an example of various channels
within an UL subframe of a frame. A physical random
access channel (PRACH) may be within one or more sub-
frames within a frame based on the PRACH configuration.
The PRACH may include six consecutive RB pairs within a
subframe. The PRACH allows the airborne device to per-
form initial system access and achieve UL synchronization.
A physical uplink control channel (PUCCH) may be located
on edges of the UL system bandwidth. The PUCCH carries
uplink control information (UCI), such as scheduling
requests, a channel quality indicator (CQI), a precoding
matrix indicator (PMI), a rank indicator (RI), and HARQ
ACK/NACK feedback. The PUSCH carries data, and may
additionally be used to carry a buffer status report (BSR), a
power headroom report (PHR), and/or UCI.

[0035] FIG. 3 illustrates a block diagram of an airborne
device 300 according to one embodiment of the present
invention. The airborne device 300 may comprise a bus
interface 310. The bus interface 310 may be one of an
ARINC 429 interface, an ARINC 664 interface, an
ARINC 825 interface, an Ethernet interface, a discrete inter-
face, or an analog interface. Bus data output by the bus inter-
face 310 may be transmitted on the corresponding bus. For
example, the bus data output by an ARINC 429 interface
may be transmitted on a corresponding ARINC 429 bus,
the bus data output by an ARINC 664 interface may be
transmitted on a corresponding ARINC 664 bus, and so
on. In the present invention, in order to enable wireless com-
munication between airborne devices, the airborne device
300 may be equipped with a dedicated wireless transmission
apparatus 320. The dedicated wireless transmission appara-
tus 320 may correspond to the bus interface 310 of the air-
borne device 300. For example, if the bus interface 310 of
the airborne device 300 is an ARINC 429 interface, then the
dedicated wireless transmission apparatus 320 may be an
ARINC 429 dedicated wireless transmission apparatus. In
one embodiment, the dedicated wireless transmission appa-
ratus 320 may have a fixed IP address to distinguish differ-
ent airborne devices.

[0036] The dedicated wireless transmission apparatus 320
may include an interface conversion module 330 and a wire-
less transmission module 340. The interface conversion
module 330 and the wireless transmission module 340
may be implemented in software, hardware, and/or a com-
bination of software and hardware. When the airborne
device 300 is a transmitting airborne device, the interface
conversion module 330 may be configured to convert bus
data received from the bus interface 310 into data packets
suitable for transmission using 5G technology. In one embo-
diment, the conversion may include directly packing the bus
data according to the 5G protocol to generate a data packet
for transmission by the wireless transmission module 340.
The data packet may contain a device identifier of the trans-
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mitting airborne device (for example, the IP address of the
dedicated wireless transmission apparatus of the transmit-
ting airborne device), a device identifier of the receiving air-
borne device (for example, the IP address of the dedicated
wireless transmission apparatus of the receiving airborne
device), and bus data to be exchanged, etc. In another embo-
diment, the conversion may include converting the bus data
into original data according to the corresponding bus speci-
fication (for example, by decoding the bus data and remov-
ing the data added according to the bus specification), and
then using the 5G protocol to pack the original data to gen-
erate a data packet for transmission by the wireless transmis-
sion module 340. In this embodiment, since the airborne
device transmits original data, all aitborne devices with dif-
ferent types of bus interfaces can receive and use the origi-
nal data.

[0037] When the airborne device 300 is a receiving air-
borne device, the interface conversion module 330 may be
configured to convert a data packet received from the wire-
less transmission module 340 into bus data corresponding to
the bus interface 310. In an embodiment where the transmit-
ting airborne device directly packs the bus data according to
the 5G protocol, the interface conversion module 330 can
perform an unpacking operation for the data packet accord-
ing to the 5G protocol, and transmit the unpacked bus data to
the bus interface 310. In an embodiment where the transmit-
ting airborne device packs the original data according to the
5G protocol, the interface conversion module 330 can per-
form an unpacking operation for the data packet according
to the 5G protocol to obtain the original data, and then gen-
erate the corresponding bus data according to the corre-
sponding bus specification and transmit the bus data to the
corresponding bus interface 310.

[0038] The wireless transmission module 340 may be con-
figured to use 5G radio access technology to transmit a data
packet converted by the interface conversion module 330 to
the airbome base station, and/or use 5G radio access tech-
nology to receive a data packet from the airborne base sta-
tion. The communication between the wireless transmission
module and the airborne base station will be described in
detail below with reference to FIG. 5. In one embodiment,
the wireless transmission module 340 may be configured to
determine whether the data packet is directed to the airborne
device 300 by parsing the [P address included in the
received data packet. For example, if the IP address included
in the received data packet matches the [P address of the
dedicated wireless transmission apparatus 320 of the air-
borne device 300, the wireless transmission module 340
may transmit the data packet to the interface conversion
module 330; otherwise, the wireless transmission module
340 may discard the packet without transmitting it to the
interface conversion module 330.

[0039] FIG. 4 illustrates a block diagram of an airborne
wireless interconnection network apparatus 400 according
to one embodiment of the present invention. The airborne
wireless interconnection network apparatus 400 may be
used to build an internal wireless communication network
for the aircraft (for example, a 2G wireless communication
network, a 3G wireless communication network, a 4G wire-
less communication network, a 5G wireless communication
network, or a wireless communication network developed in
the future). The airborne wireless interconnection network
apparatus 400 may include a core network 402 and a radio
access network RAN 404. RAN 404 may implement any of
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one or more suitable wireless communication technologies
to provide radio access to airborne devices. RAN 404 may
include one or more airborne base stations 408. The airborne
base station 408 is a network element in the radio access
network responsible for radio transmission and reception
to and from airborne devices. The airborne base station
408 may be responsible for scheduling, assigning, reconfi-
guring, and releasing resources for one or more airborne
devices. RAN 404 may be connected with the core network
402 (e.g., 5GC) via backhaul 420. In one embodiment, the
core network 402 may perform operations such as data
packing, unpacking, centralized management, and sub-
packing, and may be connected with other airborne devices
in the aircraft to implement functions such as data exchange
and logic control.

[0040] FIG. 5 illustrates a diagram of a wireless transmis-
sion module 550 of an airbome device in communication
with an airborne base station 510 according to one embodi-
ment of the present invention. In the DL, data from the core
network may be provided to a controller/processor 575. The
controller/processor 575 implements layer 3 and layer 2
functionality. Layer 3 includes a radio resource control
(RRC) layer, and layer 2 includes a packet data convergence
protocol (PDCP) layer, a radio link control (RLC) layer, and
a medium access control (MAC) layer. The controller/pro-
cessor 575 provides RRC layer functionality associated with
broadcasting of system information (e.g., MIB, SIBs), RRC
connection control (e.g., RRC connection paging, RRC con-
nection establishment, RRC connection modification, and
RRC connection release), inter radio access technology
(RAT) mobility, and measurement configuration for air-
borne device measurement reporting; PDCP layer function-
ality associated with header compression / decompression,
security (ciphering, deciphering, integrity protection, integ-
rity verification), and handover support functions; RL.C
layer functionality associated with the transfer of upper
layer packet data units (PDUs), error correction through
ARQ, concatenation, segmentation, and reassembly of
RLC service data units (SDUs), re-segmentation of RLC
data PDUs, and reordering of RLC data PDUs; and MAC
layer functionality associated with mapping between logical
channels and transport channels, multiplexing of MAC
SDUs onto transport blocks (TBs), demultiplexing of
MAC SDUs from TBs, scheduling information reporting,
error correction through HARQ), priority handling, and logi-
cal channel prioritization.

[0041] The transmit (TX) processor 516 and the receive
(RX) processor 570 implement layer 1 functionality asso-
ciated with various signal processing functions. Layer 1,
which includes a physical (PHY) layer, may include error
detection on the transport channels, forward error correction
(FEC) coding/decoding of the transport channels, interleav-
ing, rate matching, mapping onto physical channels, modu-
lation/demodulation of physical channels, and MIMO
antenna processing. The TX processor 516 handles mapping
to signal constellations based on various modulation
schemes (e.g., binary phase-shift keying (BPSK), quadra-
ture phase-shift keying (QPSK), M-phase-shift keying (M-
PSK), M-quadrature amplitude modulation (M-QAM)). The
coded and modulated symbols may then be split into parallel
streams. Each stream may then be mapped to an OFDM
subcarrier, multiplexed with a reference signal (e.g., pilot)
in the time and/or frequency domain, and then combined
together using an Inverse Fast Fourier Transform (IFFT) to
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produce a physical channel carrying a time domain OFDM
symbol stream. The OFDM stream is spatially precoded to
produce multiple spatial streams. Channel estimates from a
channel estimator 574 may be used to determine the coding
and modulation scheme, as well as for spatial processing.
The channel estimate may be derived from a reference sig-
nal and/or channel condition feedback transmitted by the
wireless transmission module 550. Each spatial stream
may then be provided to a different antenna 520 via a sepa-
rate transmitter 518TX. Each transmitter 518TX may mod-
ulate an RF carrier with a respective spatial stream for
transmission.

[0042] At the wireless transmission module S50 of the air-
borne device, each receiver 554RX receives a signal through
its respective antenna 552. Fach receiver 554RX recovers
information modulated onto an RF carrier and provides the
information to the receive (RX) processor 556. The TX pro-
cessor 568 and the RX processor 556 implement layer 1
functionality associated with various signal processing
functions. The RX processor 356 may perform spatial pro-
cessing on the information to recover any spatial streams
destined for the wireless transmission module 550 of the
airborne device. If multiple spatial streams are destined for
the wireless transmission module 550, they may be com-
bined by the RX processor 556 into a single OFDM symbol
stream. The RX processor 556 then converts the OFDM
symbol stream from the time-domain to the frequency
domain using a Fast Fourier Transform (FFT). The fre-
quency domain signal comprises a separate OFDM symbol
stream for each subcarrier of the OFDM signal. The sym-
bols on each subcarrier, and the reference signal, are recov-
ered and demodulated by determining the most likely signal
constellation points transmitted by the airborne base station
510. These soft decisions may be based on channel esti-
mates computed by the channel estimator 558. The soft
decisions are then decoded and deinterleaved to recover
the data and control signals that were originally transmitted
by the airborne base station 510 on the physical channel.
The data and control signals are then provided to the con-
troller/processor 559, which implements layer 3 and layer 2
functionality.

[0043] The controller/processor 559 can be associated
with a memory 560 that stores program codes and data.
The memory 560 may be referred to as a computer-readable
medium. In the UL, the controller/processor 559 provides
demultiplexing between transport and logical channels,
packet reassembly, deciphering, header decompression,
and control signal processing to recover data from the core
network. The controller/processor 559 is also responsible
for error detection using an ACK and/or NACK protocol
to support HARQ operations.

[0044] Similar to the functionality described in connection
with the DL transmission by the airborne base station 510,
the controller/processor 559 provides RRC layer functional-
ity associated with system information (e.g., MIB, SIBs)
acquisition, RRC connections, and measurement reporting;
PDCP layer functionality associated with header compres-
sion / decompression, and security (ciphering, deciphering,
integrity protection, integrity verification); RLC layer func-
tionality associated with the transfer of upper layer PDUs,
error correction through ARQ, concatenation, segmentation,
and reassembly of RLC SDUs, re-segmentation of RLC data
PDUs, and reordering of RLC data PDUs; and MAC layer
functionality associated with mapping between logical



US 2023/0275782 Al

channels and transport channels, multiplexing of MAC
SDUs onto TBs, demultiplexing of MAC SDUs from TBs,
scheduling information reporting, etror correction through
HARQ), priority handling, and logical channel prioritization.
[0045] Channel estimates derived by a channel estimator
558 from a reference signal or feedback transmitted by the
base station 510 may be used by the TX processor 568 to
select the appropriate coding and modulation schemes, and
to facilitate spatial processing. The spatial streams gener-
ated by the TX processor 568 may be provided to different
antenna 552 via separate transmitters 554TX. Each trans-
mitter 554TX may modulate an RF carrier with a respective
spatial stream for transmission.

[0046] The UL transmission is processed at the base sta-
tion 510 in a manner similar to that described in connection
with the receiver function at the wireless transmission mod-
ule 550. Each receiver S18RX receives a signal through its
respective antenna 520. Each receiver 518RX recovers
information modulated onto an RF carrier and provides the
information to a RX processor 570.

[0047] The controller/processor 575 can be associated
with a memory 576 that stores program codes and data.
The memory 576 may be referred to as a computer-readable
medium. In the UL, the controller/processor 375 provides
demultiplexing between transport and logical channels,
packet reassembly, deciphering, header decompression,
control signal processing to recover data from the wireless
transmission module 550. Data from the controller/proces-
sor 575 may be provided to the core network. The control-
ler/processor 575 is also responsible for error detection
using an ACK and/or NACK protocol to support HARQ
operations.

[0048] FIG. 6 illustrates a flow chart of a method 600 for
sending data by an airborne device according to one embo-
diment of the present invention. In some examples, the
method 600 may be performed by the airborne device 300
illustrated in FIG. 3. In some examples, the method 600 may
be performed by any suitable device or apparatus for per-
forming the functions or algorithms described below.
[0049] Atblock 610, a bus interface of the airborne device
may send bus data to an interface conversion module of a
dedicated wireless transmission apparatus. For example, the
bus interface 310 of the airborne device 300 may send bus
data to the interface conversion module 330 of the dedicated
wireless transmission apparatus 320. The bus data may
include data to be otherwise transmitted on the correspond-
ing bus. In one embodiment, the dedicated wireless trans-
mission apparatus may have a fixed IP address. In another
embodiment, the dedicated wireless transmission apparatus
may have a dynamic IP address assigned by the internal
wireless network for the aircraft.

[0050] Atblock 620, the interface conversion module may
convert the bus data into a data packet suitable for transmis-
sion using a particular radio access technology. For exam-
ple, the interface conversion module 330 may convert the
bus data into a data packet suitable for transmission using
a 5G radio access technology. The conversion may include
directly packing the bus data according to the 5G protocol to
generate a data packet for the 5G protocol, or converting the
bus data into original data and then packing the original data
according to the 5G protocol to generate a data packet for
the 5G protocol. In one embodiment, the generated data
packet may contain a device identifier of the transmitting
airborne device (for example, the [P address of the dedicated
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wireless transmission apparatus of the transmitting airborne
device), a device identifier of the receiving airborne device
(for example, the [P address of the dedicated wireless trans-
mission apparatus of the receiving airborne device), and bus
data to be exchanged.

[0051] At block 630, the interface conversion module may
send the generated data packet to a wireless transmission
module for transmission. For example, the interface conver-
sion module 330 may send the generated data packet for the
5G protocol to the wireless transmission module 340 for
transmission.

[0052] At block 640, the wireless transmission module
may transmit the data packet to an airborne wireless inter-
connection network apparatus. For example, the wireless
transmission module 340 may access the 5G wireless com-
munication network established by the airborne wireless
interconnection network apparatus 400, and use the 5G tech-
nology to send the data packet for the 5G protocol to the
airborne base station 408 of the airborne wireless intercon-
nection network apparatus 400.

[0053] FIG. 7 illustrates a flow chart of a method 700 for
receiving data by an airborne device according to one embo-
diment of the present invention. In some examples, the
method 700 may be performed by the airborne device 300
illustrated in FIG. 3. In some examples, the method 700 may
be performed by any suitable device or apparatus for per-
forming the functions or algorithms described below.
[0054] At block 710, a wireless transmission module may
receive a data packet from an airborne wireless interconnec-
tion network apparatus. For example, the wireless transmis-
sion module 340 may access the 5G wireless communica-
tion network established by the airborne wireless
interconnection network apparatus 400, and receive a data
packet from the airborne base station 408 of the airborne
wireless interconnection network apparatus 400. The data
packet may correspond to a data packet transmitted by a
wireless transmission module of the transmitting airborne
device (e.g., another airborne device). After the core net-
work of the airborne wireless interconnection network appa-
ratus receives the data packet transmitted by the transmitting
airborne device through the airborne base station, the core
network may unpack the data packet and distribute the data
based on the device identifier of the receiving airborne
device (e.g., the [P address of the dedicated wireless trans-
mission apparatus) contained in the data packet (e.g., by
repacking the data and transmitting it to the receiving air-
borne device).

[0055] At block 720, the wireless transmission module
may transmit the received data packet to an interface con-
version module. For example, the wireless transmission
module 340 may transmit the received data packet to the
interface conversion module 330. In one embodiment, the
wireless transmission module may first determine whether
the IP address in the received data packet matches the IP
address of the wireless transmission module. If so, the wire-
less transmission module sends the received data packet to
the interface conversion module; otherwise, the data packet
is discarded.

[0056] At block 730, the interface conversion module may
convert the data packet into corresponding bus data. For
example, the interface conversion module 330 may convert
the data packet received from the wireless transmission
module 340 into bus data corresponding to the bus interface
310 (e.g., ARINC 429 data corresponding to the ARINC
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429 bus). The conversion may include unpacking of the data
packet in accordance with the 5G protocol conforming to the
aviation standard.

[0057] Atblock 740, the interface conversion module may
transmit the bus data to a bus interface. For example, the
interface conversion module 330 may transmit the con-
verted bus data to the bus interface 310.

[0058] FIG. 8 illustrates a flow chart of a method 800 for
wireless interconnection between a first airborne device and
a second airborne device of an aircraft according to one
embodiment of the present invention. In some examples,
the method 800 may be jointly performed by the system
100 illustrated in FIG. 1, the airborne device 300 illustrated
in FIG. 3, and the airborne wireless interconnection network
apparatus 400 illustrated in FIG. 4. In some examples, the
method 800 may be performed by any suitable device or
apparatus for performing the functions or algorithms
described below.

[0059] The first airborne device may have a first bus inter-
face and a first dedicated wireless transmission apparatus
connected to the first bus interface, and the second airborne
device may have a second bus interface and a second dedi-
cated wireless transmission apparatus connected to the sec-
ond bus interface. In one embodiment, the first bus interface
and the second bus interface may be of the same type of bus
interface (e.g., an ARINC 429 interface), and thus the first
dedicated wireless transmission apparatus and the second
dedicated wireless transmission apparatus may be of the
same type of dedicated wireless transmission apparatus
(e.g., an ARINC 429 dedicated wireless transmission appa-
ratus). In another embodiment, the first bus interface and the
second bus interface may be of different types of bus inter-
faces (for example, the first bus interface may be an ARINC
429 interface and the second bus interface may be an
ARINC 664 interface), and thus the first dedicated wireless
transmission apparatus and the second dedicated wireless
transmission apparatus may be of different types of dedi-
cated wireless transmission apparatuses (for example, the
first dedicated wireless transmission apparatus may be an
ARINC 429 dedicated wireless transmission apparatus,
and the second dedicated wireless transmission apparatus
may be an ARINC 664 dedicated wireless transmission
apparatus). In one embodiment, the first dedicated wireless
transmission apparatus and the second dedicated wireless
transmission apparatus may each have a fixed IP address.
In another embodiment, the first dedicated wireless trans-
mission apparatus and the second dedicated wireless trans-
mission apparatus may each have a dynamic [P address
assigned by the airborne wireless interconnection network
apparatus.

[0060] The method 800 may begin at block 810, where an
airborne wireless interconnection network apparatus may be
used to build an internal wireless communication network
for the aircraft. For example, the airborne wireless intercon-
nection network apparatus 400 may be used to build an
internal wireless communication network for the aircraft.
The wireless communication network may be a 2G wireless
communication network, a 3G wireless communication net-
work, a 4G wireless communication network, a 5G wireless
communication network, or any other suitable wireless
communication network. After the internal wireless com-
munication network 1s established, the first airborne device
and the second airborne device can access the wireless com-
munication network according to the corresponding wireless
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communication protocol, and connect with the airborne base
station.

[0061] At block 820, if the first airborne device has data to
send to the second airborne device, then the first dedicated
wireless transmission apparatus of the first airborne device
may convert first bus data received from the first bus inter-
face into a first data packet suitable for transmission over the
wireless communication network, and transmit the first data
packet to the airborne wireless interconnection network
apparatus. For example, the interface conversion module
of the first dedicated wireless transmission apparatus may
convert the first bus data received from the first bus interface
into a first data packet suitable for transmission through the
5G wireless communication network, and the wireless trans-
mission module of the first dedicated wireless transmission
apparatus may use 5G technology to send the first data
packet to the airborne base station of the airborne wireless
interconnection network apparatus. The first data packet
may contain a device identifier of the first airborne device
(for example, the IP address of the dedicated wireless trans-
mission apparatus of the first airborne device), a device
identifier of the second airborne device (for example, the
I[P address of the dedicated wireless transmission apparatus
of the second airborne device), and data to be exchanged,
etc. In the case where the first airborne device and the sec-
ond airborne device have the same type of bus interface, the
conversion may include directly packing the first bus data
according to a wireless communication protocol (for exam-
ple, 5G protocol) to generate the first data packet to be trans-
mitted. Alternatively, in the case where the first airborne
device and the second airborne device have different types
of bus interfaces, for example in the case where the first air-
borne device has an ARINC 429 interface and the second
airborne device has an ARINC 664 interface, the conversion
may include converting the first bus data into original data
according to the ARINC 429 specification (e.g., by decoding
the first bus data and removing data added according to the
ARINC 429 specification such as format field, check field,
etc.), and then using a wireless communication protocol (for
example, 5G protocol) to pack the original data to generate
the first data packet to be transmitted.

[0062] At block 830, the second dedicated wireless trans-
mission apparatus of the second airborne device may
receive, from the airborne wireless interconnection network
apparatus, a second data packet corresponding to the first
data packet transmitted by the first dedicated wireless trans-
mission apparatus, convert the second data packet into sec-
ond bus data corresponding to the second bus interface, and
transmit the second bus data to the second bus interface. The
second data packet may be generated after the core network
of the airborne wireless interconnection network apparatus
receives the first data packet sent from the first dedicated
wireless transmission apparatus and forwarded by the air-
borne base station. For example, the core network may
unpack the first data packet, and distribute data based on
the device identifier of the second airborne device (for
example, the IP address of the dedicated wireless transmis-
sion apparatus of the second airborne device) contained in
the first data packet (for example, repacking the data to gen-
erate the second data packet and transmitting the second
data packet to the second airborne device). In the case
where the first airborne device and the second airborne
device have the same type of bus interface, converting the
second data packet into second bus data corresponding to
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the second bus interface may include performing an unpack-
ing operation for the second data packet directly according
to the wireless communication protocol (for example, 5G
protocol), and then transmitting the second bus data
obtained after the unpacking to the second bus interface.
Alternatively, in the case where the first airborne device
and the second airborne device have different types of bus
interfaces, the conversion may include performing an
unpacking operation for the second data packet according
to the wireless communication protocol (for example, 5G
protocol) to obtain the original data, generating the corre-
sponding second bus data according to the corresponding
bus specification (for example, ARINC 664 specification)
(e.g., adding data such as format field, check field, and
encoding the data according to the ARINC 664 specifica-
tion), and then transmitting the second bus data to the sec-
ond bus interface.

[0063] Although aspects of the present invention have
been described so far with reference to the accompanying
drawings, the above-described method, system and appara-
tus are examples only, and the scope of the present invention
is not limited to these aspects, but only limited by the
appended claims and their equivalents. Various components
may be omitted or may also be substituted for equivalent
components. In addition, the steps may also be implemented
in an order different from that described in the present
invention. Also, various components may be combined in
various ways. It is also important to note that, as technology
advances, many of the components described herein may be
replaced by equivalent components presented hereafter. Var-
ious modifications to the disclosure will be readily apparent
to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing
from the scope of this disclosure. Thus, the disclosure is not
limited to the examples and designs described herein, but is
to be accorded the broadest scope consistent with the prin-
ciples and novel features as disclosed herein.

1-10. (canceled)

11. An airborne device, the airborne device having an asso-
ciated bus interface, the airborne device comprising:

a dedicated wireless transmission apparatus connected to
the bus interface, wherein the dedicated wireless trans-
mission apparatus comprises:
an interface conversion module; and
a wireless transmission module,

wherein the interface conversion module is configured to
convert bus data received from the bus interface into a
data packet suitable for transmission using a specific
radio access technology, and/or to convert a data packet
received from the wireless transmission module into bus
data corresponding to the bus interface,

wherein the wireless transmission module is configured to
use the specific radio access technology to transmit the
data packet converted by the interface conversion mod-
ule, and/or to receive the data packet transmitted using
the specific radio access technology.

12. The airborne device according to claim 11, wherein the
specific radio access technology comprises 5G radio access
technology.

13. The airborne device according to claim 11, wherein the
bus interface comprises one of: an ARINC 429 interface, an
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ARINC 664 interface, an ARINC 825 interface, an analog
interface, a discrete interface, or an Ethernet interface.

14. The airborne device according to claim 11, wherein the
dedicated wireless transmission apparatus is configured with
afixed IP address.

15. The airborne device according to claim 14, wherein the
wireless transmission module is configured to determine
whether a received data packet is directed to the airborne
device by parsing an IP address contained in the received
data packet.

16. A system for wireless interconnection between airborne
devices of an aircraft, the system comprising:

an airborne wireless interconnection network apparatus,

wherein the airborne wireless interconnection network
apparatus is configured to build an internal wireless com-
munication network for the aircraft; and

one or more airborne devices according to claim 11.

17. The system according to claim 16, wherein the wireless
communication network comprises a 5G wireless communi-
cation network.

18. The system according to claim 16, wherein the airborne
wireless interconnection network apparatus comprises aradio
access network and a core network, wherein the radio access
network comprises an airborne base station.

19. A method for wireless interconnection between a first
airborne device and a second airborne device of an aircraft,
wherein the first airborne device has a first bus interface and a
first dedicated wireless transmission apparatus connected to
the first bus interface, wherein the second airborne device has
a second bus interface and a second dedicated wireless trans-
mission apparatus connected to the second bus interface, the
method comprising:

using an airborne wireless interconnection network appa-

ratus to build an internal wireless communication net-
work for the aircraft;

converting, by the first dedicated wireless transmission

apparatus, first bus data received from the first bus inter-
face into a first data packet suitable for transmission
through the wireless communication network and trans-
mitting the first data packet to the airborne wireless inter-
connection network apparatus; and

receiving, by the second dedicated wireless transmission

apparatus from the airborne wireless interconnection
network apparatus, a second data packet corresponding
to the first data packet transmitted by the first dedicated
wireless transmission apparatus, converting the second
data packet into second bus data corresponding to the
second bus interface, and transmitting the second bus
data to the second bus interface.

20. The method according to claim 19, wherein the first
dedicated wireless transmission apparatus and the second
dedicated wireless transmission apparatus each has a fixed
I[P address, wherein the first data packet transmitted by the
first dedicated wireless transmission apparatus includes an
IP address of the second dedicated wireless transmission
apparatus, and wherein the airborne wireless interconnection
network apparatus transmits the second data packet to the sec-
ond dedicated wireless transmission apparatus based on the [P
address of the second dedicated wireless transmission
apparatus.
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