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ADAPTIVE TRANSMISSION POWER CONTROL FOR WIRELESS COMMUNICATION
SYSTEMS
Copyright Notice
A portion of the disclosure of this patent document contains material which is subject fo
copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise reserves all copyright rights whatsoever.

Technical Field

[1] The present disclosure relates generally to wireless communication and, more
particularly, to systems and methods for adaptively controlling a transmission power of a

wireless communication device in a movable object, such as an unmanned aerial vehicle.

Background

[2] An important consideration in wireless communication control is signal quality
degradation, which can be caused by a number of factors. For example, a wireless signal
transmitted at a given power level is generally received by the receiver at a lower power level as
the distance between the transmitter and receiver increases. This reduction in power level is
known as “path loss” and generally results in lower quality communication. Causes of path loss
include free-space loss, refraction, diffraction, reflection, physical obstructions (i.e.,
“shadowing”), and absorption, among others. Other causes of signal degradation include signal
saturation and quantization loss at the receiver. Saturation occurs when signals reach the
receiver at power levels beyond the recognizable range of the receiver’s analog-to-digital
converter (ADC), which can occur when a signal has a wide dynamic power range. Quantization
losses occur when signals reach the receiver at relatively low power levels with respect to the
receiver's ADC configuration or with respect to other signals. Different interferences
mechanisms, such as environmental interference or inter-signal interference caused by other
signals, can increase the block error rate and reduce the signal to noise ratio experienced at the
receiver, resulting in signal degradation.

[3] Solutions for overcoming the above-mentioned factors can often have competing
requirements and therefore pose a challenge to achieving high-quality communication under
varying conditions. These challenges are particularly acute for “non-licensed” or “public”
frequency bands for which problems of interference can be more prominent. For example,
known solutions for overcoming environmental interferences, inter-signal interferences, and
quantization loss include increasing the power level of the transmitter or configuring the
transmitter to operate at a constant, relatively high power level. These solutions, however, can
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cause signal saturation, which reduces signal quality. Further, increasing the output power of a
transmitter may increase the noise level at other receivers in the area (which can cause the
other transmitters to respond by increasing their transmitter power levels, thereby causing all
transmitters in the area to operate at relatively high power levels). This effect is known as the
“near-far problem” and is sometimes used in radio-frequency jamming techniques. Transmitting
at relatively high power levels also consumes more power (i.e., is less efficient), which is
particularly problematic for battery-operated systems including batteries that must be
periodically recharged or replaced. When such a communication system transmits at relatively
high power levels, the power consumed by the system and other systems powered by a
common power source may significantly reduce the time those systems may be operational.
[4] There is a need for improved systems and methods for adaptively controlling the
power level of wireless communication systems to effectively and efficiently overcome the

above-mentioned problems.

Summary

[5] In one embodiment, the present disclosure relates to a method of controlling a
transmission power of a first node configured to communicate wirelessly with one or more other
nodes. The method may include establishing a first wireless communication link between the
first node and a second node, receiving a first power adjustment value from the second node,
wherein the first power adjustment value is determined based on signals transmitted by the first
node over the first wireless communication link, determining a transmission power level for
transmitting signals from the first node based on the received first power adjustment value, and
transmitting signals from the first node over the first wireless communication link using the
determined transmission power level.

[6] In another embodiment, the present disclosure relates to a communication system
that includes a plurality of nodes. The system may include a first node configured to
communicate wirelessly with other nodes. The first node may include a memory having
instructions stored therein. The system may further include an electronic control unit comprising
a processor configured to execute the stored instructions to establish a wireless communication
link between the first node and a second node, receive a first power adjustment value from the
second node, wherein the first power adjustment value is determined based on signals
transmitted by the first node over the first wireless communication link, determine a transmission

power level for transmitting signals to the second node based on the received first power



WO 2018/191983 PCT/CN2017/081532

adjustment value, and transmit signals to the second node using the determined transmission
power level.

[7] In yet another embodiment, the present disclosure relates to a non-transitory
computer-readable medium storing instructions, that, when executed, cause a computer to
perform a method of controlling a transmission power of a wireless communication device. The
method may include establishing a first wireless communication link between the first node and
a second node, receiving a first power adjustment value from the second node, wherein the first
power adjustment value is determined based on signals transmitted by the first node over the
first wireless communication link, determining a transmission power level for transmitting signals
from the first node based on the received first power adjustment value, and transmitting signals
from the first node over the first wireless communication link using the determined transmission
power level.

[8] In yet another embodiment, the present disclosure relates to a method of controlling
a transmission power over a wireless communication network. The method may include
determining a first block error rate and a first received signal power level at a first node based
on signals transmitted by a second node over a first wireless communication link, obtaining a
first power adjustment value for the second node based on the first block error rate and the first
received power level, and transmitting the first power adjustment value from the first node to the
second node, wherein the second node is configured to use the power adjustment value to
control its transmission power over the first wireless communication link.

9] In yet another embodiment, the present disclosure relates to a communication
system that includes a plurality of nodes. The system may include a first node configured to
communicate wirelessly with other nodes. The first node may include a memory having
instructions stored therein. The system may further include an electronic control unit comprising
a processor configured to execute the stored instructions to determine a first block error rate
and a first received signal power level at a first node based on signals transmitted by a second
node over a first wireless communication link, obtain a first power adjustment value for the
second node based on the first block error rate and the first received power level, and transmit
the first power adjustment value from the first node to the second node, wherein the second
node is configured to use the power adjustment value to control its transmission power over the
first wireless communication link.

[10] In yet another embodiment, the present disclosure relates to a non-transitory
computer-readable medium storing instructions, that, when executed, cause a computer to

perform a method of controlling a transmission power of a wireless communication device. The
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method may include determining a first block error rate and a first received signal power level at
a first node based on signals transmitted by a second node over the a first wireless
communication link, obtaining a first power adjustment value for the second node based on the
first block error rate and the first received power level, transmitting the first power adjustment
value from the first node to the second node, wherein the second node is configured to use the
power adjustment value to control its transmission power over the first wireless communication
link.

[11] In yet another embodiment, the present disclosure relates to a communication
system including a first node configured to communicate wirelessly with other nodes. The first
node may include a memory having instructions stored therein, and an electronic control unit
comprising a processor. The processor may be configured to execute the stored instructions to
establish a wireless communication link between the first node and a second node, receive a
first power adjustment value from the second node, wherein the first power adjustment value is
determined based on signals transmitted by the first node over the first wireless communication
link, determine a transmission power level for transmitting signals to the second node based on
the received first power adjustment value, and transmit signals to the second node using the
determined transmission power level. The first node may also be configured to determine a first
block error rate and a first received signal power level at the first node based on signals
transmitted by the second node over the first wireless communication link. The first node may
also be configured to obtain a first power adjustment value for the second node based on the
first block error rate and the first received power level. The first node may also be configured to
then transmit the first power adjustment value from the first node to the second node, wherein
the second node is configured to use the power adjustment value to control its transmission

power over the first wireless communication link.

Brief Description of the Drawings

[12] Fig. 1 is a schematic diagram of an exemplary movable object configured to
communicate with an exemplary second object that may be used in accordance with the
illustrative embodiments described herein;

[13] Fig. 2 shows schematic diagrams of exemplary control systems that may be used
with the movable object and second object of Fig. 1;

[14] Fig. 3 is a schematic diagram of a wireless communication system that may be used

in accordance with an illustrative embodiment;
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[15] Fig. 4 is a schematic diagram of a system for controlling a transmission power of a
wireless communication device that may be used in accordance with the illustrative embodiment
of Fig. 3;

[16] Fig. 5 is a flow chart of an exemplary method of controlling a transmission power of a
wireless communication device that may be used in accordance with the illustrative embodiment
of Fig. 3;

[17] Fig. 6 is a flow chart of an exemplary method of controlling a transmission power of a
wireless communication device that may be used in accordance with the illustrative embodiment
of Fig. 3;

[18] Fig. 7 is a schematic diagram of two exemplary movable objects configured to
communicate with an exemplary second object that may be used in accordance with the
illustrative embodiments described herein;

[19] Fig. 8 is a schematic diagram of another exemplary wireless communication system
that may be used in accordance with an illustrative embodiment;

[20] Fig. 9 is a schematic diagram of an exemplary system for controlling a transmission
power of wireless communication devices that may be used in accordance with the illustrative
embodiment of Fig. 7;

[21] Fig. 10 is a flow chart of an exemplary method of controlling a transmission power of
a wireless communication device that may be used in accordance with the illustrative
embodiment of Fig. 9;

[22] Fig. 11 is a flow chart of an exemplary method of controlling a transmission power of
a wireless communication device that may be used in accordance with the illustrative
embodiment of Fig. 9;

[23] Fig. 12 is a flow chart of an exemplary system for controlling a transmission power of
wireless communication devices that may be used in accordance with the illustrative
embodiment of Fig. 9;

[24] Fig. 13 is a block diagram of exemplary modules that may be used for a method of
controlling a transmission power of a wireless communication device that may be used in
accordance with the illustrative embodiment of Fig. 12;

[25] Fig. 14 is a flow chart of an exemplary method of controlling a transmission power of
a wireless communication device that may be used in accordance with the illustrative

embodiment of Fig. 12;
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[26] Fig. 15 is a flow chart of an exemplary method of controlling a transmission power of
a wireless communication device that may be used in accordance with the illustrative
embodiment of Fig. 12;

[27] Fig. 16 is a flow chart of an exemplary method of controlling a transmission power of
a wireless communication device that may be used in accordance with illustrative embodiments
of the present disclosure; and

[28] Fig. 17 is a flow chart of another exemplary method of controlling a transmission
power of a wireless communication device that may be used in accordance with illustrative

embodiments of the present disclosure.

Detailed Description

[29] The following detailed description refers to the accompanying drawings. Wherever
possible, the same reference numbers are used in the drawings and the following description to
refer to the same or similar parts. While several illustrative embodiments are described herein,
modifications, adaptations and other implementations are possible. For example, substitutions,
additions or modifications may be made to the components illustrated in the drawings, and the
illustrative methods described herein may be modified by substituting, reordering, removing, or
adding steps to the disclosed methods. Accordingly, the following detailed description is not
limited to the disclosed embodiments and examples. Instead, the proper scope is defined by the
appended claims.

[30] Fig. 1 shows an exemplary movable object 10 that may be configured to move within
an environment. As used herein, the term “movable object” (e.g., movable object 10) may
include suitable object, device, mechanism, system, or machine configured to travel on or within
a suitable medium (e.g., a surface, air, water, one or more rails, space, underground, etc.). For
example, movable object 10 may be an unmanned aerial vehicle (UAV). Although movable
object 10 is shown and described herein as a UAV for exemplary purposes of this description, it
is understood that other types of movable objects (e.g., wheeled objects, nautical objects,
locomotive objects, other aerial objects, etc.) may also or alternatively be used in embodiments
consistent with this disclosure. As used herein, the term “UAV” may refer to an aerial device
configured to be operated and/or controlled automatically (e.g., via an electronic control system)
and/or manually by off-board personnel.

[31] Movable object 10 may include a housing 11, one or more propulsion assemblies 12,
and a payload 14, such as a camera or video system. In some embodiments, as shown in Fig. 1,
payload 14 may be connected or attached to movable object 10 by a carrier 16, which may
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allow for one or more degrees of relative movement between payload 14 and movable object 10.
In other embodiments, payload 14 may be mounted directly to movable object 10 without carrier
16. Movable object 10 may also include a power storage device 18, a communication device 20,
and an electronic control unit 22 in communication with the other components. In some
embodiments, one or more of power storage device 18, communication device 20, and an
electronic control unit 22 may be included in a control system 23. Control system 23 may be
configured to control multiple systems or functions of movable object 10. Alternatively, control
system 23 may be dedicated to controlling a single system or subset of functions. For example,
control system 23 may be or include a flight control system of a UAV.

[32] Movable object 10 may include one or more propulsion assemblies 12 positioned at
various locations (for example, top, sides, front, rear, and/or bottom of movable object 10) for
propelling and steering movable object 10. Although only two exemplary propulsion assemblies
12 are shown in Fig. 1, it will be appreciated that movable object 10 may include any number of
propulsion assemblies (e.g., 1, 2, 3, 4, 5, 10, 15, 20, etc.). Propulsion assemblies 12 may be
devices or systems operable to generate forces for sustaining controlled flight. Propulsion
assemblies 12 may share or may each separately include at least one power source, such as
one or more batteries, fuel cells, solar cells, etc., or combinations thereof. Each propulsion
assembly 12 may also include one or more rotary components 24, e.g., within an electric motor,
engine, or turbine, coupled to the power source and configured to participate in the generation
of forces for sustaining controlled flight. For instance, rotary components 24 may include rotors,
propellers, blades, etc., which may be driven on or by a shaft, axle, wheel, or other component
or system configured to transfer power from the power source. Propulsion assemblies 12 and/or
rotary components 24 may be adjustable (e.g., tiltable) with respect to each other and/or with
respect to movable object 10. Alternatively, propulsion assemblies 12 and rotary components 24
may have a fixed orientation with respect to each other and/or movable object 10. In some
embodiments, each propulsion assembly 12 may be of the same type. In other embodiments,
propulsion assemblies 12 may be of multiple different types. In some embodiments, all
propulsion assemblies 12 may be controlled in concert (e.g., all at the same speed and/or
angle). In other embodiments, one or more propulsion devices may be independently controlled
with respect to, e.g., speed and/or angle.

[33] Propulsion assemblies 12 may be configured to propel movable object 10 in one or
more vertical and horizontal directions and to allow movable object 10 to rotate about one or
more axes. That is, propulsion assemblies 12 may be configured to provide lift and/or thrust for

creating and maintaining translational and rotational movements of movable object 10. For
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instance, propulsion assemblies 12 may be configured to enable movable object 10 to achieve
and maintain desired altitudes, provide thrust for movement in all directions, and provide for
steering of movable object 10. In some embodiments, propulsion assemblies 12 may enable
movable object 10 to perform vertical takeoffs and landings (i.e., takeoff and landing without
horizontal thrust). In other embodiments, movable object 10 may require constant minimum
horizontal thrust to achieve and sustain flight. Propulsion assemblies 12 may be configured to
enable movement of movable object 10 along and/or about multiple axes.

[34] Payload 14 may include one or more sensory devices 19, such as the exemplary
sensory device 19 shown in Fig. 1. Sensory devices 19 may include devices for collecting or
generating data or information, such as surveying, tracking, and capturing images or video of
targets (e.g., objects, landscapes, subjects of photo or video shoots, etc.). Sensory devices 19
may include imaging devices configured to gathering data that may be used to generate images.
For example, imaging devices may include photographic cameras (e.g., analog, digital, etc.),
video cameras, infrared imaging devices, ultraviolet imaging devices, x-ray devices, ultrasonic
imaging devices, radar devices, binocular cameras, etc. Sensory devices 19 may also or
alternatively include devices for capturing audio data, such as microphones or ultrasound
detectors. Sensory devices 19 may also or alternatively include other suitable sensors for
capturing visual, audio, and/or electromagnetic signals.

[35] Carrier 16 may include one or more devices configured to hold the payload 14 and/or
allow the payload 14 to be adjusted (e.g., rotated) with respect to movable object 10. For
example, carrier 16 may be a gimbal. Carrier 16 may be configured to allow payload 14 to be
rotated about one or more axes, as described below. In some embodiments, carrier 16 may be
configured to allow 360° of rotation about each axis to allow for greater control of the
perspective of the payload 14. In other embodiments, carrier 16 may limit the range of rotation
of payload 14 to less than 360° (e.g., < 270°, < 210°, < 180, < 120°, <90°, < 45°, <30°, < 15°
etc.), about one or more of its axes.

[36] Communication device 20 may be configured to enable communications of data,
information, commands (e.g., flight commands, commands for operating payload 14, etc.),
and/or other types of signals between electronic control unit 22 and off-board entities.
Communication device 20 may include one or more components configured to send and/or
receive signals, such as receivers, transmitters, or transceivers that are configured to carry out
one- or two-way communication. Components of communication device 20 may be configured
to communicate with off-board entities via one or more communication networks, such as
networks configured for WLAN, radio, cellular (e.g., WCDMA, LTE, etc.), WiFi, RFID, etc., and
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using one or more wireless communication protocols (e.g., IEEE 802.15.1, IEEE 802.11, etc.),
and/or other types of communication networks or protocols usable to transmit signals indicative
of data, information, commands, control, and/or other signals. Communication device 20 may be
configured to enable communications with user input devices, such as a control terminal (e.g., a
remote control) or other stationary, mobile, or handheld control device, that provide user input
for controlling movable object 10 during flight. For example, communication device 20 may be
configured to communicate with a second object 26, which may be a user input device (e.g., a
remote controller), another UAV or other movable object, a stationary or mobile object on the
ground, or any other device capable of receiving and/or transmitting signals with movable object
10.

[37] Second object 26 may be a stationary device, mobile device, or other type of device
configured to communicate with movable object 10 via communication device 20. For example,
in some embodiments the second object 26 may be another movable device (e.g., another
UAYV), a computer, a terminal, a user input device (e.g., a remote control device), etc. Second
object 26 may include a communication device 28 configured to enable wireless communication
with movable object 10 (e.g., with communication device 20) or other objects. Communication
device 28 may be configured to receive data and information from communication device 20,
such as operational data relating to, for example, positional data, velocity data, acceleration
data, sensory data (e.g., imaging data), and other data and information relating to movable
object 10, its components, and/or its surrounding environment. In some embodiments, second
object 26 may include control features, such as levers, buttons, touch screen device, displays,
etc. In some embodiments, second object 26 may embody an electronic communication device,
such as a smartphone or a tablet, with virtual control features (e.g., graphical user interfaces,
applications, etc.).

[38] Fig. 2 is a schematic block diagram of control system 23 and second object 26,
consistent with the exemplary embodiments of this disclosure. Control system 23 may include
power storage device 18, communication device 20, and electronic control unit 22, among other
things. Second object 26 may include, inter alia, a communication device 28 and an electronic
control unit 30.

[39] Power storage device 18 may be a device configured to energize or otherwise supply
power to electronic components, mechanical components, or combinations thereof in the
movable object 10. For example, power storage device 18 may be a battery, a battery bank, or
other device. In other embodiments, power storage device 18 may be or include one or more of
a combustible fuel, a fuel cell, or another type of power storage device.
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[40] Communication device 20 may be an electronic device configured to enable wireless
communication with other devices. For example, communication device 20 may include a
transmitter 32, a receiver 34, circuitry, and/or other components. Transmitter 32 and receiver 34
may be electronic components respectively configured to transmit and receive wireless
communication signals. In some embodiments, transmitter 32 and receiver 34 may be separate
devices or structures. In other embodiments, transmitter 32 and receiver 34 may be combined
(or their respective functions may be combined) in a single transceiver device configured to
send (i.e., transmit) and receive wireless communication signals, thereby functioning as a
transmitter and as a receiver. Wireless communication signals may include any type of
electromagnetic signal encoded with or otherwise indicative of data or information. Transmitter
32 and receiver 34 may be connected to one or more shared antennas, such as the exemplary
antenna in Fig. 2, or may transmit and receive using separate antennas or antenna arrays in the
movable object 10.

[41] Communication device 20 may be configured to transmit and/or receive data from
one or more other devices via suitable means of communication usable to transfer data and
information to or from electronic control unit 22. For example, communication device 20 may be
configured to utilize one or more local area networks (LAN), wide area networks (WAN), infrared
systems, radio systems, Wi-Fi networks, point-to-point (P2P) networks, cellular networks,
satellite networks, and the like. Optionally, relay stations, such as towers, satellites, or mobile
stations, can be used, as well as any other intermediate nodes that facilitate communications
between the movable object 10 and second objet 26. Wireless communications can be
proximity dependent or proximity independent. In some embodiments, line-of-sight may or may
not be required for communications.

[42] Electronic control unit 22 may include one or more components, including, for
example, a memory 36 and at least one processor 38. Memory 36 may be or include non-
transitory computer-readable media and can include one or more memory units of non-transitory
computer-readable media. Non-transitory computer-readable media of memory 36 may be or
include any type of disk including floppy disks, hard disks, optical discs, DVDs, CD-ROMs,
microdrive, magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMs, DRAMs, VRAMSs, flash
memory devices, magnetic or optical cards, nanosystems (including molecular memory
integrated circuits), or any type of media or device suitable for storing instructions and/or data.
Memory units may include permanent and/or removable portions of non-transitory computer-

readable media (e.g., removable media or external storage, such as an SD card, RAM, etc.).

10



WO 2018/191983 PCT/CN2017/081532

[43] Information and data from sensory devices 19 and/or other devices may be
communicated to and stored in non-transitory computer-readable media of memory 36. Non-
transitory computer-readable media associated with memory 36 may also be configured to store
logic, code and/or program instructions executable by processor 38 to perform any of the
illustrative embodiments described herein. For example, non-transitory computer-readable
media associated with memory 36 may be configured to store computer-readable instructions
that, when executed by processor 38, cause the processor to perform a method comprising one
or more steps. The method performed by processor 38 based on the instructions stored in non-
transitory computer readable media of memory 36 may involve processing inputs, such as
inputs of data or information stored in the non-transitory computer-readable media of

memory 36, inputs received from second object 26, inputs received from sensory devices 19,
and/or other inputs received via communication device 20. The non-transitory computer-
readable media may be configured to store data obtained or derived from sensory devices 19 to
be processed by processor 38 and/or by second object 26 (e.g., via electronic control unit 30).
In some embodiments, the non-transitory computer-readable media can be used to store the
processing results produced by processor 38.

[44] Processor 38 may include one or more processors and may embody a
programmable processor (e.g., a central processing unit (CPU)). Processor 38 may be
operatively coupled to memory 36 or another memory device configured to store programs or
instructions executable by processor 38 for performing one or more method steps. It is noted
that method steps described herein may be embodied by one or more instructions and data
stored in memory 36 and that cause the method steps to be carried out when processed by the
processor 38.

[45] In some embodiments, processor 38 may include and/or alternatively may be
operatively coupled to one or more control modules, such as a communication module 40 in the
illustrative embodiment of Fig. 2, as described further below. Communication module 40 may be
configured to help control aspects of wireless communication between movable object 10 and
other objects (e.g., second object 26), such as a transmission power level of communication
device 20. Communication module 40 and any other module may be implemented in software
for execution on processor 38, or may be implemented in hardware and/or software
components at least partially included in, or separate from, the processor 38. For example,
communication module 40 may include one or more CPUs, ASICs, DSPs, FPGAs, logic circuitry,
etc. configured to implement their respective functions, or may share processing resources in
processor 38. As used herein, the term “configured to” should be understood to include

11
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hardware configurations, software configurations (e.g., programming), and combinations thereof,
including when used in conjunction with or to describe any controller, electronic control unit, or
module described herein.

[46] The components of electronic control unit 22 can be arranged in any suitable
configuration. For example, one or more of the components of the electronic control unit 22 can
be located on movable object 10, carrier 16, payload 14, second object 26, sensory device 19,
or an additional external device in communication with one or more of the above. In some
embodiments, one or more processors or memory devices can be situated at different locations,
such as on the movable object 10, carrier 16, payload 14, second object 26, sensory device 19,
or on an additional external device in communication with one or more of the above, or suitable
combinations thereof, such that any suitable aspect of the processing and/or memory functions
performed by the system can occur at one or more of the aforementioned locations.

[47] Second object 26 may include the same or similar components as control system 23
in structure and/or function. For example, communication device 28 of second object 26 may
include a transmitter 33 and a receiver 35. Transmitter 33 and receiver 35 may be the same or
similar to transmitter 32 and receiver 34, respectively, in structure and/or function and therefore
will not be described in detail. Electronic control unit 30 of second object 26 may be the same or
similar to electronic control unit 22 in structure (e.g., may include memory, a processor, modules,
etc.) and/or function and therefore will not be described in detail.

[48] Fig. 3 shows an exemplary embodiment in which two nodes, Node A 42 and Node

B 44, are configured to engage in wireless communication with each other. As used herein, the
term “node” refers to any object (e.g., system, device, apparatus, etc.) equipped with hardware,
software, and/or other components that enable wireless communication of electromagnetic
signals with other objects. A node may include, but is not limited to, any computer system, tablet,
smartphone, controller, movable object (e.g., UAV), access point, router, switch, or any other

object with wireless communication capabilities. As used herein, the terms “first,” “second,”
“third,” etc., when used to indicate, for example, a “first node,” “second node,” “third node,” etc.,
are used solely for purposes of convenience in distinguishing between or among multiple nodes
in a particular example or embodiment and are not intended to be limiting in a temporal,
geographical, numerical, functional, or any other sense unless otherwise stated. Similarly,
alphabetical characters, such as “A,” “B,” “C,” etc., when used to indicate, for example, “Node A,”
“Node B,” “Node C,” etc., are used solely for purposes of convenience in distinguishing between
or among multiple nodes and are not intended to be limiting in a temporal, geographical,

numerical, functional, or any other sense unless otherwise stated.
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[49] As shown in the example of Fig. 3, Node A 42 and Node B 44 may be configured to
establish a wireless communication link with the other. For example, Node A 42 and Node B 44
may be configured to engage in one-to-one wireless communication (i.e., node-to-node) and/or
two-way (i.e., bidirectional) wireless communication. For example, Node A 42 may transmit
signals to Node B 44 via a first wireless communication link 46, and Node B may transmit
signals to Node A via a second wireless communication link 48. As used herein, a wireless
communication link may refer to any direct or indirect communication link between a sending
device (e.g., a transmitter or transceiver) and a receiving device (e.g., a receiver or transceiver)
with at least one communication performed over a wireless communication medium. In some
embodiments, Node A 42 and/or Node B 44 may be a movable object, such as movable

object 10, or another type of object, such as second object 26, and may therefore include an
electronic control unit similar to electronic control units 22 and 30 described above.

[50] For example, as shown in Fig. 4, Node A 42 may include a communication

module 50 and Node B 44 may include a communication module 52. Communication modules
50 and 52 may be similar to communication module 40 described above and therefore may be
similar in structure and function (e.g., may be implemented in hardware and/or software in
conjunction with a processor). In the example of Fig. 4, the transmission power output
(transmission power”) of Node A 42 may be controlled based on information received from
Node B 44. In some embodiments, the transmission power of Node B 44 may be controlled
based on information received from Node A 42. Although Node A 42 and Node B 44 are shown
as having different components in Fig. 4, Node A 42 also may include the components of Node
B 44, and Node B 44 may include the components of Node A 42. It is to be appreciated that the
following description of Fig. 4 may also apply for situations in which the roles of Node A 42 and
Node B 44 are reversed.

[51] Referring to Fig. 4, Node B 44 may be configured to collect or determine information
associated with wireless communication, such as information associated with wireless
communication with Node A. For example, Node B may include a collection module 54
configured to collect or determine information associated with wireless communication. Such
information relating to wireless communication may include, but is not limited to, information
relating to the state or quality of wireless communications between Node B 44 and another
object (e.g., Node A 42), such as block error rate information, including for example block error
rate (BLER) information, and received signal power level information, including for example
reference signal received power (RSRP) information. Collection module 54 may be configured
to collect or determine the block error rate information (BLERga) and received signal power level
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information (RSRPga) associated with wireless communication received by Node B 44 from
Node A 42. In some embodiments, collection module 54 may be configured to receive
information (e.g., BLER and RSRP) from other modules, devices, and nodes, store information
(e.g., in memory), or analyze and/or process signals to determine information. For instance,
collection module 54 may be configured to determine each of the BLERgs and RSRPg, values,
or may receive at least one of the BLERga and RSRPg,a values as determined based on signals
received from another node (e.g., Node A 42). Collection module 54 may be configured to
communicate information (e.g., BLERga and RSRPga) to other modules, devices, or nodes, such
as to a power control module 56 that uses such BLER and RSRP information for generating one
or more power adjustment values.

[52] Power control module 56 may be configured to obtain a power adjustment value AP
for controlling the transmission power level of another node (e.g., Node A 42). During wireless
communication between nodes (e.g., between Node A 42 and Node B 44), several operational
and/or environmental factors can affect (and possibly reduce) the quality or effectiveness of
wireless transmissions. The quality or effectiveness of wireless transmissions can be perceived
by a receiving node (i.e., a node that receives signals from a transmitting node) in terms of a
block error rate (BLER) and/or received signal power (RSRP) associated with the received
signals (i.e., the signals sent by the transmitting node and received by the receiving node). For
example, background noise and or other interferences can cause the block error rate of
received signals to increase. When background noise is high (and cannot be controlled), signal
quality can be improved by increasing the transmission power level of the transmitting node. On
the other hand, transmitting signals from a transmitting node at an excessively high power level
can result in an excessive received signal power lever at the receiving node, which can cause
signal saturation. Transmitting signals at excessive power levels can also consume
unnecessary amounts of power, which is wasteful and can be particularly problematic for nodes
with limited power reserves (such as UAVs). When the received signal power level is excessive,
signal quality and efficiency can be improved by reducing the transmission power level of the
transmitting node. In many instances, however, the transmitting node may be unaware of the
block error rate and/or received signal power perceived by a receiving node and may therefore
lack sufficient information for adjusting its transmission power level for improving signal quality.
To allow the signal quality between nodes (e.g. Node A 42 and Node B 44) to be improved
during wireless communication, and in accordance with embodiments disclosed herein, the
receiving node may be configured obtain signal quality information (such as block error rate

and/or received signal power), determine a power adjustment value for the transmitting node,
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and transmit the determined power adjustment value to the transmitting node for use by the
transmitting node in adjusting the transmitting node’s transmission power level.

[53] For example, with reference to Fig. 4, power control module 56 may be configured to
determine a power adjustment value AP, for Node A 42 based on BLERga and RSRPg, values
received from or determined by collection module 54. In some embodiments, power control
module 56 may be configured to analyze BLERgs and RSRPga and select or determine a power
adjustment value AP, that corresponds to the outcome of such analysis. For example, power
control module 56 may be configured to select power adjustment value AP, from a map or other
data structure that correlates different AP values with various outcomes of comparing BLERga
and RSRPga values to predetermined reference values. In other embodiments, power control
module 56 may be configured to determine a power adjustment value AP, based on BLERg,
and RSRPg, values using one or more equations, algorithms, or models (e.g., using BLERga
and RSRPg, as variables or constants in one or more equations, algorithms, or models). It is to
be appreciated that in other embodiments, other or additional information may be used to
determine a power adjustment value for adjusting the transmission power level of a transmitting
node based on signal characteristics determined at or by a receiving node. Additionally, other or
different determination techniques (e.g., algorithms, equations, maps, models, etc.) may be
used to determine, identify, or select, a power adjustment value.

[54] Power control module 56 may be configured to communicate the power adjustment
value AP, to a transmission module 58 for transmitting the power adjustment value AP, from
Node B 44 to Node A 42. Transmission module 58 may be configured to prepare data
corresponding to power adjustment value AP, for wireless transmission to Node A 42. For
example, transmission module 58 may be configured to prepare, package, encrypt, modulate, or
otherwise process information corresponding to the power adjustment value AP, for
transmission via a wireless communication link to Node A 42. Upon receipt of power adjustment
value AP,, Node A 42 may be configured to use power adjustment value AP, to control its
transmission power for sending signals over a wireless communication link in order to improve
the quality of signals received by Node B 44 (e.g., to reduce the block error rate or adjust the
received signal power perceived at Node B 44).

[55] Fig. 6 shows a flow chart corresponding to an exemplary method 600 that may be
performed at a second node for determining a power adjustment value (AP) to use at a first
node. Step 602 may include determining a block error rate (e.g., BLERga) and a received signal
power level (e.g., RSRPg,a) at the second node (e.g., Node B 44) based on signals transmitted
by the first node (e.g., Node A 42) over a wireless communication link. BLERgs and RSRPga
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may be determined, for example, by collection module 54, as described above. Step 602 shows
one non-limiting example of how signal quality can be determined at a receiving node in a
wireless communication system. Signal quality may also or alternatively be determined using
other metrics or techniques for observing signal characteristics or signal processing
performance factors that are indicative of signal quality. By understanding characteristics of
signals and/or signal processing performance (e.g., performance factors of digital signal
processing performed by a receiving node) in connection with signal quality may enable
operational parameters at the transmitting node to be adjusted so as to improve signal quality at
the receiving node.

[56] In steps 604-622, a power adjustment value (e.g., AP,) for the first node may be
obtained (e.g., determined, received, etc.) at the second node. Steps 604-622 are one example
of a multi-step iterative process for determining the power adjustment value AP,. In many
situations, analyzing BLER and RSRP (as well as other aspects and characteristics of wireless
communication) can require high levels of computing power, especially in cases of wireless
communication between moving nodes (e.g., nodes that move with respect to each other and/or
interfering objects), as signal quality is often affected by the distance and environmental
conditions between nodes engaged in wireless communication. These problems can be
amplified when nodes are capable of moving rapidly and when the nodes’ environment
(including sources of interference, such as other nodes) dynamically and/or continuously
change. Furthermore, in some situations, dynamic adjustments to the transmission power level
of a transmission node (especially in the case of movable nodes) can result in overcorrection or
under-correction of the transmission power level. Overcorrection and under-correction of the
transmission power level can increase the computational load on the system and reduce, rather
than improve, signal quality between nodes. To reduce the computational load and avoid over-
or under-correction of the transmission power level when determining a power adjustment value,
and consistent with embodiments disclosed herein, an iterative multi-step process for selecting
a power adjustment value from a plurality of predetermined power adjustment values may be
used.

[57] For example, as shown in the embodiment of Fig. 6, BLER and RSRP may be
analyzed in an iterative process to select a predetermined a power adjustment value (e.g., AP,)
from a plurality of predetermined power adjustment values of varying magnitude (e.g., AP+, AP,
AP3, APy, etc.). Although four power adjustment values and a zero value are shown in Fig. 6, it
is to be appreciated that more or fewer predetermined values may be used to achieve varying
degrees power adjustment between each predetermined value. The predetermined power
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adjustment values may include values that correspond to an increase or a decrease of the
transmission power of the receiving node. As used herein, “correspond to” in the context of an
increase or a decrease of a transmission power refers to values that, if applied (e.g., added,
subtracted, etc.) to the transmission power of a node, would cause an increase or decrease in
the transmission power level of that node. In some situations, a value that “corresponds to” an
increase or decrease in transmission power may not necessarily result in an actual increase or
reduction in transmission power, such as when other factors are considered and result in a
different outcome.

[58] In the example of Fig. 6, the power adjustment value AP, may be determined based
on the block error rate BLERga and the received signal power level RSRPga as measured or
calculated at the second node. In other embodiments, the BLERg, and RSRPga values may be
identified, derived, calculated, or otherwise obtained using information received from the first
node.

[59] in accordance with some non-limiting embodiments disclosed herein, the power
adjustment value AP, may be determined based on comparisons of the received signal power
level RSRPga and/or the block error rate BLERga with respective predetermined values. For
example, step 604 may include a comparison of the received signal power level RSRPga to a
received signal power level threshold RSRPryresy for determining the power adjustment value
APa. The received signal power level threshold RSRPrhgesnH is one example of a predetermined
value for determining a power adjustment value based on RSRP. The received signal power
level threshold RSRPyresy may, in some embodiments, be a received signal power threshold
that corresponds to a predetermined degree of signal saturation at or above which measures
should be taken to reduce the received signal power at the receiving node. In other
embodiments, RSRPryresy may correspond to a power level associated with a power
conservation control scheme for reducing power consumption and prolonging the availability of
power reserves. In other embodiments, RSRPryresy may correspond to a regulatory,
operational, or other predetermined power threshold value.

[60] At step 604, if the received signal power level RSRPg, is greater than or equal to the
received signal power level threshold RSRPrhgesH (€., if the outcome of step 604 is YES), the
power adjustment value AP, may be set to a negative value of -AP, at step 606. That is, when
RSRPg, is greater than or equal to the received signal power level threshold RSRP1ygresy, the
received signal power level RSRPgs may be deemed too high and should be reduced by the
value AP;. In other words, the power adjustment value AP, may correspond to a decrease of

the transmission power of the transmitting node when the received signal power exceeds a
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threshold. For instance, when the received signal power level RSRPg,4 is greater than or equal
to, for example, an average received signal power level of a number of communication devices
in an area (which may correspond to a noise level), a predetermined power level limit, a
regulatory power level limit, a power level limit for preventing signal saturation, a power level
limit determined for conserving available battery power, or any other predetermined threshold
value, the received signal power level RSRPg, may be reduced using the predetermined value
AP;,. In some embodiments, AP; may be selected (e.g., from a plurality of values) using a
lookup table, map, or other data structure based on the magnitude of the difference between
RSRPga and RSRPrygesn- In other embodiments, a single value for APy may be used during
one or more iterations of method 600 until the received signal power level RSRPg, is less than
the received signal power level threshold RSRPryresh- In yet other embodiments, AP, may be
determined based on one or more factors (e.g., the difference between RSRPg4 and
RSRPturesn) and an equation, algorithm, or model that incorporates such factors as variables.
[61] As also shown in the example of Fig. 6, with reference to steps 608-622, if the
outcome of step 604 is NO (i.e., RSRPga is less than RSRPryresn), the power adjustment value
AP, may be a predetermined power adjustment value selected from a plurality of predetermined
power adjustment values based on a comparison of the block error rate BLERgs and another
value. For example, BLERga may be compared to another value to determine whether or to
what extent the magnitude of BLERga can or should be adjusted (e.g., decreased). As
mentioned above, the transmission power of a transmitting node can be controlled in some
situations to improve (e.g., reduce) the block error rate experienced at a receiving node, for
example, when background noise or other interferences might be affecting the block error rate.
However, as also mentioned above, drastic adjustments to the transmission power of a
transmitting node can result in reduced signal quality and/or increase the computational load of
the system. In one example consistent with embodiments of this disclosure, a process for
determining a power adjustment value may include selecting a predetermined power adjustment
value based on a BLER value, such as the magnitude of a BLER value, experienced at a
receiving node. For, method 600 is one example of a process for iteratively comparing BLER
values to one or more reference values and selecting a predetermined power adjustment value
based on the comparison. It is to be appreciated, however, that method 600 a non-limiting
exemplary process and that other methods or techniques for assessing or evaluating BLER
values may be used when selecting a predetermined reference value.

[62] In the example shown in Fig. 6 and other examples described herein, reference
values (e.g., for analyzing BLER) may be associated with or partially define value ranges for use
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in selecting a predetermined power adjustment value. For example, as mentioned above, a the
number of power adjustment values from which AP, may be selected can vary between a single
power adjustment value and any plurality of values for achieving a desired degree of adjustment
between each value. Depending on how many predetermined power adjustment values are
available, fewer predetermined power adjustment values may be available than possible BLER
values. Thus, each predetermined power adjustment value may correspond to a range of BLER
values, and this range of BLER values may decrease as more predetermined power adjustment
values are available. A range of BLER values may be defined, for purposes of convenience in
this explanation and not by way of limitation, by a high value (e.g., BLERuer) and a low value
(BLER_ow). Additionally, a zero value (e.g., BLER = 0), which may correspond to there being no
block error rate (or an approximation or equivalent thereof) may, for purposes of this explanation,
define a lower limit BLER value. It is to be appreciated, however, that other conventions and
methods of defining selection criteria for predetermined power adjustment values may be used.
[63] As shown in the example of Fig. 6, step 608 may include comparing the block error
rate BLERga to the a block error rate reference value BLERugn and determining whether
BLERga is greater than or equal to BLERugh. If the outcome of step 608 is YES (i.e., BLERga is
greater than or equal to BLERygn), then the power adjustment value AP, may be set to a value
AP, for adjusting the transmission power of the first node in step 610. The value AP, may
correspond to a positive adjustment (i.e., an increase) to the transmission power of the first
node in order to reduce the block error rate BLERga. In some situations, for example, a high
block error rate can be the result of low signal strength, interference, excessive distance, and/or
other factors, which can be at least partially overcome (or their effects reduced) by increasing
the transmission power of the transmitting node. BLERy gy and/or any other reference BLER
value may be predetermined based on empirical testing of various operating conditions (e.g.,
testing various atmospheric conditions, distances between nodes, levels of interference, power
level restrictions, etc.) or desired signal parameters, such as a maximum allowable block error
rate. In some embodiments, AP, may be selected from a lookup table, map, or other data
structure based on the magnitude of the difference between BLERgs and BLER . In other
embodiments, a single value for AP, may be used during one or more iterations of method 600
until BLERga is less than BLERygu. In other embodiments, AP, may be determined based on
one or more measured or determined factors (e.g., the factors discussed above) and an
equation, algorithm, or model that incorporates such factors as variables.

[64] If the outcome of step 608 is NO (i.e., BLERg, is less than BLERygH), then BLERga
may be compared to both BLERy gy and a another block error rate reference value (e.g.,
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BLER.cw) at step 612 to determine whether BLERg,4 is between BLER gy and BLER ow.
BLER.cw may be predetermined based on empirical testing of various operating conditions (e.g.,
testing various atmospheric conditions, distances between nodes, levels of interference, power
level restrictions, etc.) or desired signal parameters, such as a minimum block error rate below
which correction thereof or adjustment of the transmission signal power of the transmitting node
is less urgent or unnecessary. If the outcome of step 612 is YES (i.e., BLERga is between
BLERHigH and BLER ow), then the power adjustment value AP, may be set to a value AP; for
adjusting the transmission power of the first node in step 614. The value AP; may correspond to
a positive adjustment (i.e., an increase) to the transmission power of the first node in order to
reduce the block error rate BLERga to a value below the current block error rate of BLERga. To
avoid high volumes of complex computations for determining a precise value of AP, the value
of AP; may be may be selected from a lookup table, map, or other data structure based on the
magnitude of the difference between BLERg and BLER ow and/or BLERgH. In other
embodiments, a single value for AP; may be used during one or more iterations of method 600
until BLERga is less than BLER cw. In other embodiments, AP; may be determined based on
one or more measured or determined factors (e.g., the factors discussed above) and an
equation, algorithm, or model that incorporates such factors as variables.

[65] If the outcome of step 612 is NO (i.e., BLERg, is less than BLER ow), then BLERga
may be compared to both BLER 0w and a zero value (e.g., a value corresponding to there being
no determined block error rate or an approximation or equivalent thereof) at step 616 to
determine whether BLERg, is between BLER_ow and the zero value. The zero value
(represented as “0” in Fig. 6) may be predetermined based on empirical testing of various
operating conditions (e.g., testing various atmospheric conditions, distances between nodes,
levels of interference, power level restrictions, etc.) or desired signal parameters, such as a
block error rate at or below which the block error rate is zero or is reasonably estimated or
assumed to be zero such that further lowering is not possible or cannot be reasonably achieved.
If the outcome of step 616 is YES (i.e., BLERg, is between BLER ow and the zero value), then
the power adjustment value AP, may be set to a value AP, for adjusting the transmission power
of the first node in step 618. The value AP, may correspond to a positive adjustment (i.e., an
increase) to the transmission power of the first node in order to reduce the block error rate
BLERga to a value below the current block error rate of BLERga. To avoid high volumes of
complex computations for determining a precise value of AP,, the value of AP, may be may be
selected from a lookup table, map, or other data structure based on the magnitude of the
difference between BLERgs and BLER, ow and/or the zero value. In other embodiments, a single
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value for AP, may be used during one or more iterations of method 600 until BLERg, is equal to,
approximately equal to, or reasonably determined to be equivalent to the zero value (e.g., based
on empirical testing). In other embodiments, AP, may be determined based on one or more
measured or determined factors (e.g., the factors discussed above) and an equation, algorithm,
or model that incorporates such factors as variables.

[66] If the outcome of step 616 is NO (i.e., BLERg, is not greater than the zero value),
then BLERga may be compared to the zero value at step 620 to determine whether BLERg, is
equal to, approximately equal to, or reasonably (or otherwise) determined to be equivalent to
the zero value. If the outcome of step 620 is YES (i.e., BLERga is equal to, approximately equal
to, or reasonably determined to be equivalent to the zero value), then the power adjustment
value AP, may be set to a value AP = 0 for adjusting the transmission power of the first node in
step 622 (i.e., to indicate that no adjustment is necessary). If the outcome of step 620 is NO, the
exemplary method in Fig. 6 may end.

[67] Although the power adjustment values AP4-AP, (i.e., AP,, AP,, AP3, and AP,) have
been described as values to which AP, may be set for purposes of adjusting the transmission
power level of the first node (e.g., Node A), it is to be appreciated that more or fewer
predetermined adjustment values may be used depending on the number and nature of
comparisons used. Additionally, it is to be appreciated that the difference between adjacent
values in the range of AP,-AP, may be the same, different, equally spaced, or unequally spaced.
In some embodiments, the values of AP{-AP, may be related as AP; > AP, > AP; > AP,. In
other embodiments, the relative sizes of AP,-AP, may be arranged differently, depending on
determined strategies for adjusting the transmission power level under certain operating
conditions, including strategies based on how quickly and/or drastically to adjust the
transmission power level of the first node with each iteration of method 600. For example,
method 600 may be repeated one or more times to achieve an iterative adjustment of the
transmission power level of the transmitting node (e.g., Node A 42). When the process is
repeated, the Node A 42 (i.e., the transmitting node) may receive an updated power adjustment
value AP, as part of an iterative process and update the transmission power level of the first
node based on the updated power adjustment value. How aggressively (i.e., the degree to
which) the transmission power of the transmitting node is adjusted during each iteration of the
power adjustment process may be chosen by setting the magnitude and sign (e.g., positive or
negative) and spacing between each predetermined power adjustment value. For example,
each predetermined values can be particularly selected in order to achieve a desired power
adjustment under certain conditions (e.g., depending on the magnitude or rate of change of the
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block error rate, received signal power, or other information). For example, large power
adjustment values may correspond to larger BLER values and/or larger gaps between power
adjustment values. It is to be appreciated that other adjustment relationships may be used.

[68] If the outcome any of steps 604, 608, 612, 606, or 620 is YES, upon completion of
step 606, 610, 614, 618, or 622, respectively, the power adjustment value AP, may be
transmitted to the first node at step 624. For example, the power adjustment value AP, may be
transmitted via transmission module 58 (referring to Fig. 4).

[69] It is to be appreciated that the process described in conjunction with Fig. 6 is a non-
limiting example of a technique for iteratively adjusting the transmission power level of a node.
The techniques and method steps described above in conjunction with Fig. 6 have been
described for purposes of explaining various aspects of the underlying techniques and are not
intended to be limiting.

[70] Referring again to Fig. 4, communication mode 50 of Node A 42 may include a
demodulation module 60 configured to receive the power adjustment value AP, from Node B 44
via the wireless communication link between them. Demodulation module 60 may be configured
to receive a signal indicative of the power adjustment value AP, (e.g., the power adjustment
value determined by the second node based on block error rate and received signal power level)
and demodulate, unpack, decrypt, decode, or otherwise process the received signal from which
the power adjustment value AP, may be obtained. The power adjustment value AP, may then

be communicated from demodulation module 60 to a power strategy module 62 configured to

determine a transmission power level P(:) for the first node (e.g., Node A 42) based on the
power adjustment value AP, determined by the second node (e.g., Node B 44). The
transmission power level P(:) may be determined using various methods, techniques, equations,
algorithms, models, and/or other means, and is not limited to the particular examples described
herein for purposes of convenience and explanation. In some embodiments, power strategy
module 62 may be configured to determine the transmission power level P(:) for the first node
based on a table of values, map, or other data structure that correlates power adjustment values
AP, with transmission power level values P(:) for the first node. In other embodiments, power
strategy module 62 may be configured to determine the transmission power level P(:) for the
first node based on an equation, algorithm, or model that incorporates the power adjustment
values AP, from the second node as an input variable. The transmission power level P(:) for the

first node may be communicated to a n RFC module 64 configured to control the power level at
which signals are transmitted from Node A 42. For example, RFC module 64 may control a
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communication device (e.g., communication device 20 or 28 or the like) to transmit signals at a

power level corresponding to the transmission power level P(:) for the first node.

[71] Communication module 50 of Node A 42 may also include a RRC module 66
configured to determine whether a fault or error exists in the communication between the first
node and the second node has faulted. For example, RRC module 66 may be configured to
analyze time stamps associated with data packets received from Node B 44 to determine
whether communication between Node A 42 and Node B has faulted. Alternatively, RRC
module 66 may be configured to compare a local time associated with Node A 42 to a local time
associated with Node B 44, a time scale associated with another node, or a global time scale,
and determine whether the communication between Node A 42 and Node B 44 has faulted.
Other methods of determining whether communication between Nodes A and B has faulted may
be used. When RRC module 66 determines that communication between Node A 42 and Node
B 44 has faulted, RRC module 66 may send a signal to a reset module 68 indicating that
communication between the nodes has faulted. When reset module 68 receives a signal from
RRC module 66 indicating that communication between the nodes has faulted, reset module

may be configured to generate a signal indicative of a default power transmission level PRE for
the first node. When communication between the nodes has faulted, the power adjustment
value AP, received from the second node may be inaccurate, indeterminate, or may not have
been received due to the fault. To ensure the quality of signals generated by the first node
and/or to remedy the fault communication between the first and second nodes, RFC module
may control the transmission power level of the first node based on the default power

transmission level PREF received from reset module 68 until the fault in communication has been
restored.
[72] Fig. 5 shows an exemplary method 500 that may be performed at a first node (e.g.,

Node A) for controlling a transmission power of a wireless communication device in accordance
with the illustrative embodiments discussed above. In some embodiments, method 500 may be

carried out by control module 50 in conjunction with a communication device (e.g.,
communication device 20 or 28 or the like). In step 502, the transmission power level P(:) for the

first node may be initially set to the default power transmission level PREF of the first node. The

default power transmission level PREF may correspond to a predetermined default value, such

as a maximum possible power transmission level (e.g., the highest power level achievable by a
communication device associated with the node), a maximum permissible power lever, a power

level threshold or limit (e.g., associated with an official or regulatory requirement), a power level
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for achieving desired power consumption, minimizing interference with other nodes, preventing

signal saturation, etc., or other type of power level value. In other embodiments, method 500
may not necessarily begin with a step of setting the transmission power level P(:) for the first
node to the default power transmission level PRE, and may instead begin with the transmission

power level P(:) at a different power level than the default power transmission level.

[73] At step 504, a determination of whether communication between the first and second
nodes (e.g., Node A 42 and Node B 44) has faulted may be performed. The determination of
whether communication between the first and second nodes has faulted may be made
according to the methods described above. If the outcome of step 504 is YES (i.e., when the

communication between the first and second nodes has faulted), the transmission power level

P(:) for the first node may be set to the default power transmission level PREF in step 506. After

completion of step 506, wireless communication signals generated by the first node may be

transmitted at the transmission power level P(:) (e.g., the default power level PREF) that was set

at step 512. If the outcome of step 504 is NO (i.e., when the communication between the first
and second nodes has not faulted), the method may continue to step 508 for demodulating the
power adjustment value AP, received from the second node (e.g., from Node B 44). A
description of an exemplary method for determining the power adjustment value AP, at the
second node is provided above with reference to Fig. 6.

[74] Demodulation at step 508 may be conducted according to the examples described
above or according to a different method. The demodulation process at step 508 is used to
extract the AP, value from a modulated electromagnetic signal that the first node (e.g., Node A)
received from the second node (e.g., Node B). After completion of step 508, the method may

advance to step 510 for determining the transmission power level P(:) for the first node. The

power transmission level P(:) for the first node may be determined using any suitable technique
or mathematical process, such as by using lookup tables or maps, algorithms, equations,
models, etc. One example of a mathematical process that may be used for determining the

power transmission level P(:) for the first node is shown in step 510. In the example of step 510,

the transmission power level P(:) for the first node may be determined, for example, using the

following relationship:

PR'=min (max (P +AP,, Pyn), PR™)
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where P(:) is the currently-determined transmission power level for the first node, P(:'l) is the

previously-determined transmission power level of the first node (e.g., the value determined

during a previous iteration of method 500 or the value to which P(:) was otherwise previously
set), AP, is the power adjustment valued determined at the second node, Py is @ minimum

power level (e.g., a minimum possible power level, a predetermined minimum permissible

power level, or an otherwise determined minimum power level), and PR is the default power

transmission level (as described above). In some embodiments, Py may be the minimum
possible power level at which an associated communication device is capable of transmitting
signals. In other embodiments, Pyn may be the minimum possible power level at which signals
of a desired quality (e.g., based on threshold BLER or RSRP values) are or can be achieved, or
an empirically determined minimum power level that is sufficient to achieve desired results
under various environmental or operational conditions. It is to be appreciated that Py iy may be
any threshold value for use in the exemplary relationship shown above as a value
corresponding to or defining a value range or boundary thereof. A predetermined minimum
possible power level may include an empirically or theoretically (e.g., based on a model or
algorithm) determined power level that achieves a desired level signal quality, or a
predetermined value based on regulatory requirements or limitations (e.g., divisions in spectrum,
permissible spectrum use, etc.). After completion of step 510, wireless communication signals
may be generated at step 512 by the first node and transmitted using the power level

Pg”).determined at step 510.

[75] In a wireless communication environment, two nodes may engage in one-to-one
communication in the absence or presence of other nodes. In other instances, a wireless
communication environment may include more than two nodes, and one or more of such nodes
may be configured to engage in “one-to-many” (e.g., node-to-nodes) or “many-to-one” (e.g.,
nodes-to-node) communication with other nodes in the wireless communication environment.
For example, Fig. 7 shows an embodiment in which multiple (e.g., two) exemplary movable
objects 10 (e.g., as nodes) may be configured to move within an environment. The multiple
movable objects 10 may be configured to communicate wirelessly with second object 26 (e.g.,
another node). Each of the movable objects 10 may be in two-way wireless communication with
second object 26, and thus the example of Fig. 7 may describe exemplary “many-to-one” and
“one-to-many” communication scenarios. In other words, the multiple movable objects 10 may
communicate with the same second object 26, and second object 26 may communicate with
each of the multiple movable objects 10.
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[76] As shown in Fig. 8, Node A 70 (e.g., a first node) may be configured to establish a
wireless communication link with Node B 72 (e.g., a second node) and Node C 74 (e.g., a third
node). Node A 70 may be configured to engage in one-to-one (i.e., node-to-node) and/or two-
way (i.e., bidirectional) wireless communication with each of Node B 72 and Node C 74. For
example, Node A 70 may transmit signals to Node B 72 via a first wireless communication link
76 and Node B 72 may transmit signals to Node A 70 via a second wireless communication link
78. Similarly, Node A 70 may transmit signals to Node C 74 via a first wireless communication
link 80 and Node C 74 may transmit signals to Node A 70 via a second wireless communication
link 82. In some embodiments, Node A 70 and/or Node B 72 and Node C 74 may each be a
movable object, such as movable object 10, or another type of object, such as second object 26,
and may therefore include an electronic control unit similar to electronic control units 22 and/or
30 described above.

[77] When a node engages in wireless communication with multiple other nodes, or when
multiple nodes engage in wireless communication with a common node, situations may arise
when communication between two nodes can affect communication between two different
nodes. For example, situations may arise in which multiple receiving nodes in respective
communication with a common node receive signals of different quality levels from the same
node. This difference may be the result of several factors, including the distance of each
receiving node to the transmitting node and the environmental conditions (including background
noise levels caused by other nodes and/or other devices). Thus, when single transmitting node
transmits signals at one power level to multiple receiving nodes, each receiving node may
desire for the transmitting node to adjust its transmission power level differently than the other
receiving node in order to receive signals of better quality (e.g., of reduced BLER, without
saturation, etc.). The following descriptive exemplary embodiments address solutions for
improving communication among nodes engaged in many-to-one or one-to-many
communication.

[78] As shown in Fig. 9, Node A 70 may include a communication module 84, Node B 72
may include a communication module 86, and Node C 74 may include a communication
module 88. Communication modules 84-88 may be similar to communication module 40
described above and may therefore be similar in structure and function (e.g., may be
implemented in hardware and/or software in conjunction with a processor). In the example of
Fig. 9, the transmission power output (“transmission power”) of Node A 70 may be controlled
based on information received from Node B 72 and Node C 74. In other embodiments, the
transmission power of Nodes B 72 and C 74 may be controlled based on information received
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from Node A 70 (as will be discussed below). Thus, although Node A 70 and Nodes B 72 and
C 74 are shown as having different components in Fig. 9, it is to be appreciated that Node A 70
may also include the components of Node B 72 or C 74, and Nodes B 72 and C 74 may also
include the components of Node A 70.

[79] Referring to Fig. 9, Node B 72 and Node C 74 may include collection modules 90
and 92, respectively. Collection modules 90 and 92 may be configured to collect information
associated with wireless communication. Information relating to wireless communication may
include, but is not limited to, information relating to the state or quality of wireless
communication between a respective node (e.g., Node B 72 or Node C 74) and another object
(e.g., Node A 70) from the perspective of the respective node. Such information may include
block error rate (BLER) information and received signal power level (RSRP) information.
Collection module 90 may be configured to collect the block error rate information (BLERga) and
received signal power level information (RSRPga) associated with wireless communication
received by Node B 72 from Node A 70. Collection module 92 may be configured to collect the
block error rate information (BLERca) and received signal power level information (RSRP¢,)
associated with wireless communication received by Node C 74 from Node A 70. In some
embodiments, collection modules 90 and 92 may be configured to receive information (e.g.,
BLER and RSRP information) from other modules or devices, store information (e.g., in
memory), or analyze and/or process signals to determine information. For instance, collection
modules 90 and 92 may be configured to determine respective BLER and RSRP values or
receive respective BLER and RSRP values that were determined by another module. Collection
modules 90 and 92 may be configured to communicate information (e.g., BLER and RSRP
information) to other devices, such as a power control module 94 and 96, respectively, for
generating power adjustment values.

[80] Power control modules 94 and 96 may each be configured to obtain a power
adjustment value AP for controlling the transmission power level of another node (e.g., Node

A 70). For example, power control module 94 may be configured to determine a power
adjustment value AP g for Node A 70 based on BLERgs and RSRPg4 values received from
collection module 90. Power control module 96 may be configured to determine a power
adjustment value AP for Node A 70 based on BLERcs and RSRP¢a values received from
collection module 92. In some embodiments, power control modules 94 and 96 may be
configured to analyze BLER and RSRP values and select or determine power adjustment value
values APag and APac, respectively, that correspond to the outcome of such analysis. For
example, power control modules 94 and 96 may be configured to select power adjustment value
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APag and APac from a map that relates APag or APac to various outcomes of comparing BLER
and RSRP values to predetermined reference values. In other embodiments, power control
modules 94 and 96 may be configured to determine power adjustment values APag and APac
based on respective BLER and RSRP values using one or more equations, algorithms, or
models (e.g., using BLER and RSRP values as variables or constants in one or more equations,
algorithms, or models).

[81] Power control modules 94 and 96 may be configured to communicate the power
adjustment values APag and APxc to transmission modules 98 and 100, respectively, for
transmitting the power adjustment values APag and AP, from Node B 72 and Node C 74 to
Node A 70. In this way, Node A 70 may receive first and second power adjustment values (e.g.,
AP,p and AP,c) from Node B 72 and Node C74, wherein each of the first and second power
adjustment values are determined based on signals transmitted by the first node over first and
second wireless communication links, respectively, in a wireless communication network.
Transmission modules 98 and 100 may be configured to prepare data corresponding to power
adjustment value APag or APc, respectively, for wireless transmission to Node A 70. For
example, transmission modules 98 and 100 may be configured to prepare, package, encrypt,
modulate, or otherwise process information corresponding to power adjustment value APag or
APy, respectively, for transmission via a wireless communication link to Node A 70. Upon
receipt of power adjustment values APag and APac, Node A 70 may be configured to use power
adjustment values APag and APxc to control its transmission power for sending signals over a
wireless communication link.

[82] Fig. 11 shows an exemplary method 1100 for determining a power adjustment value
for a first node at a second node that may be conducted by or in conjunction with Node B 72.
Step 1102 may include determining a block error rate (e.g., BLERga) and a received signall
power level (e.g., RSRPg,) at the second node (e.g., Node B 72) based on signals transmitted
by the first node (e.g., Node A 70) over a wireless communication link. BLERg, and RSRPga
may be determined, for example, by collection module 90, as described above.

[83] In steps 1104-1122, a power adjustment value (e.g., APag) for the first node may be
obtained (e.g., determined, received, etc.) at the second node. The power adjustment value
APag may be determined based on the block error rate BLERga and the received signal power
level RSRPga. In some embodiments, the power adjustment value AP s may be determined
based on comparisons of the received signal power level RSRPg, or the block error rate
BLERga to respective predetermined values. For example, step 1104 may include a comparison
of the received signal power level RSRPga to a received signal power level threshold
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RSRPrhresH for determining the power adjustment value APag. At step 1104, if the received
signal power level RSRPg, is greater than or equal to the received signal power level threshold
RSRPruRresH (i-€., if the outcome of step 1104 is YES), the power adjustment value AP, may be
set to a negative value of -AP; at step 1106. That is, when RSRPga is greater than or equal to
the received signal power level threshold RSRPrresh, the received signal power level RSRPga
may be deemed to be too high and should be reduced by the value AP,. For instance, when the
received signal power level RSRPga is greater than, for example, the average received signal
power level of a number of communication devices in an area, a predetermined power level limit,
a regulatory power level limit, a power level limit for preventing signal saturation, a power level
limit determined for conserving available battery power, or another predetermined value, the
received signal power level RSRPga may be reduced using the predetermined value AP;. In
some embodiments, AP, may be selected from a lookup table, map, or other data structure
based on the magnitude of the difference between RSRPgs and RSRPrygresy. In other
embodiments, a single value for AP, may be used during one or more iterations of method 1100
until the received signal power level RSRPg, is less than the received signal power level
threshold RSRPryresy. In other embodiments, APy may be determined based on one or more
factors (e.g., the difference between RSRPga and RSRPrhrest) and an equation, algorithm, or
model that incorporates such factors as variables.

[84] As also shown in the example of Fig. 11, with reference to steps 1108-1122, if the
outcome of step 1104 is NO (i.e., RSRPga is less than RSRPrygest), the power adjustment
value AP, may be a predetermined power adjustment value selected from a plurality of
predetermined power adjustment values based on a comparison of the block error rate BLERga
and at least one of a first reference block error rate value (e.g., BLERygr), a second reference
block error rate value (e.g., BLER,ow), and a zero value (or other reference value). Step 1108
may include comparing the block error rate BLERg, to the first reference block error rate
threshold BLER}, g4 and determining whether BLERg, is greater than or equal to BLERy gy If
the outcome of step 1108 is YES (i.e., BLERg, is greater than or equal to BLERygH), then the
power adjustment value APz may be set to a value AP, for adjusting the transmission power of
the first node in step 1110. The value AP, may correspond to a positive adjustment (i.e., an
increase) to the transmission power of the first node in order to reduce the block error rate
BLERga to a value below BLERgH. In some situations, a high block error rate can be the result
of low signal strength, interference, excessive distance, and/or other factors, which can be at
least partially overcome (or their effects reduced) by increasing the transmission power of the
transmitting node. BLERuign may be predetermined based on empirical testing of various
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operating conditions (e.g., testing various atmospheric conditions, distances between nodes,
levels of interference, power level restrictions, etc.) or desired signal parameters, such as a
maximum allowable block error rate. In some embodiments, AP, may be selected from a lookup
table, map, or other data structure based on the magnitude of the difference between BLERg,
and BLERygh. In other embodiments, a single value for AP, may be used during one or more
iterations of method 1100 until BLERg, is less than BLERygy. In other embodiments, AP, may
be determined based on one or more measured or determined factors (e.g., the factors
discussed above) and an equation, algorithm, or model that incorporates such factors as
variables.

[85] If the outcome of step 1108 is NO (i.e., BLERg, is less than BLERygh), then BLERga
may be compared to both BLERy gy and a minimum block error rate threshold (e.g., BLER ow)
at step 1112 to determine whether BLERg, is between BLER gy and BLER ow. BLER ow may
be predetermined based on empirical testing of various operating conditions (e.g., testing
various atmospheric conditions, distances between nodes, levels of interference, power level
restrictions, etc.) or desired signal parameters, such as a minimum block error rate below which
correction thereof or adjustment of the transmission signal power of the transmitting node is less
urgent or unnecessary. If the outcome of step 1112 is YES (i.e., BLERg, is between BLERp g
and BLER,ow), then the power adjustment value AP»g may be set to a value AP; for adjusting
the transmission power of the first node in step 1114. The value AP; may correspond to a
positive adjustment (i.e., an increase) to the transmission power of the first node in order to
reduce the block error rate BLERga to a value below the current block error rate of BLERga. To
avoid high volumes of complex computations for determining a precise value of AP, the value
of AP; may be may be selected from a lookup table, map, or other data structure based on the
magnitude of the difference between BLERg, and BLER ow and/or BLERgH. In other
embodiments, a single value for AP; may be used during one or more iterations of method 1100
until BLERg, is less than BLER, ow. In other embodiments, AP; may be determined based on
one or more measured or determined factors (e.g., the factors discussed above) and an
equation, algorithm, or model that incorporates such factors as variables.

[86] If the outcome of step 1112 is NO (i.e., BLERga is less than BLER ow), then BLERga
may be compared to both BLER 0w and a zero value (e.g., a value corresponding to there being
no determined block error rate) at step 1116 to determine whether BLERg, is between BLER ow
and the zero value. The zero value (represented as “0” in Fig. 11) may be predetermined based
on empirical testing of various operating conditions (e.g., testing various atmospheric conditions,
distances between nodes, levels of interference, power level restrictions, etc.) or desired signal
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parameters, such as a block error rate at or below which the block error rate is zero or is
reasonably estimated or assumed to be zero such that further lowering is not possible or cannot
be reasonably achieved. If the outcome of step 1116 is YES (i.e., BLERg, is between BLER ow
and the zero value), then the power adjustment value APag may be set to a value AP, for
adjusting the transmission power of the first node in step 1118. The value AP, may correspond
to a positive adjustment (i.e., an increase) to the transmission power of the first node in order to
reduce the block error rate BLERga to a value below the current block error rate of BLERga. To
avoid high volumes of complex computations for determining a precise value of AP, the value
of AP, may be may be selected from a lookup table, map, or other data structure based on the
magnitude of the difference between BLERgs and BLER ow and/or the zero value. In other
embodiments, a single value for AP, may be used during one or more iterations of method 1100
until BLERga is equal to, approximately equal to, or reasonably determined to be equivalent to
the zero value (e.g., based on empirical testing). In other embodiments, AP, may be determined
based on one or more measured or determined factors (e.g., the factors discussed above) and
an equation, algorithm, or model that incorporates such factors as variables.

[87] If the outcome of step 1116 is NO (i.e., BLERg, is not greater than the zero value),
then BLERga may be compared to the zero value at step 1120 to determine whether BLERg, is
equal to, approximately equal to, or reasonably determined to be equivalent to the zero value. If
the outcome of step 1120 is YES (i.e., BLERga is equal to, approximately equal to, or
reasonably determined to be equivalent to the zero value), then the power adjustment value
APag may be set to a value AP = 0 for adjusting the transmission power of the first node in step
1122 (i.e., to indicate that no adjustment is necessary). If the outcome of step 1120 is NO, the
exemplary method in Fig. 11 may end.

[88] Although the power adjustment values AP,-AP,4 have been described as values to
which APg may be set for purposes of adjusting the transmission power level of the first node, it
is to be appreciated that more or fewer predetermined adjustment values may be used
depending on the number and nature of comparisons used. Additionally, it is to be appreciated
that the difference between adjacent values in the range of AP,-AP, may be the same, different,
equally spaced, or unequally spaced. In some embodiments, the values of AP{-AP, may be
related as AP > AP, > AP3 > AP,. In other embodiments, the relative sizes of AP,-AP, may be
arranged differently, depending on determined strategies for adjusting the transmission power
level under certain operating conditions, including strategies based on how quickly and/or
drastically to adjust the transmission power level of the first node with each iteration of method
1100.
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[89] If the outcome any of steps 1104, 1108, 1112, 1116, or 1120 is YES, upon
completion of step 1106, 1110, 1114, 1118, or 1122, respectively, the power adjustment value
AP,s may be transmitted to the first node at step 1124. For example, the power adjustment
value AP,g may be transmitted via transmission module 98 (referring to Fig. 9).

[90] It is to be appreciated that the method described above with reference to Fig. 11 may
be similar to the method described above with reference to Fig. 6, and that certain descriptions
of the method described with reference to Fig. 6 that pertain to similar features in the method
described with reference to Fig. 11 may equally apply to both methods and vice versa. As with
the method described above with reference to Fig. 6, the method described with reference to
Fig. 11 is an example of one method or process for implementing aspects of the disclosure and
is not intended to be limiting.

[91] Fig. 12 shows an exemplary method 1200 for determining a power adjustment value
for a first node at a third node that may be conducted by or in conjunction with Node C 74. Step
1202 may include determining a block error rate (e.g., BLERca) and a received signal power
level (e.g., RSRP¢,) at the third node (e.g., Node C 74) based on signals transmitted by the first
node (e.g., Node A 70) over a wireless communication link. BLERca and RSRPca may be
determined, for example, by collection module 92, as described above.

[92] In steps 1204-1222, a power adjustment value (e.g., APac) for the first node may be
obtained (e.g., determined, received, etc.) at the third node. The power adjustment value AP ¢
may be determined based on the block error rate BLERca and the received signal power level
RSRPca. In some embodiments, the power adjustment value AP,c may be determined based
on comparisons of the received signal power level RSRPc4 or the block error rate BLERGa to
respective predetermined values. For example, step 1204 may include a comparison of the
received signal power level RSRP¢a to a received signal power level threshold RSRPrhgesH for
determining the power adjustment value AP,c. At step 1204, if the received signal power level
RSRPca is greater than or equal to the received signal power level threshold RSRPryresh (i-€., if
the outcome of step 1204 is YES), the power adjustment value APsc may be set to a negative
value of -AP, at step 1206. That is, when RSRPc,4 is greater than or equal to the received signal
power level threshold RSRPyresh, the received signal power level RSRPc4 may be deemed to
be too high and should be reduced by the value AP,. For instance, when the received signal
power level RSRPc, is greater than, for example, the average received signal power level of a
number of communication devices in an area, a predetermined power level limit, a regulatory
power level limit, a power level limit for preventing signal saturation, a power level limit

determined for conserving available battery power, or another predetermined value, the
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received signal power level RSRPca may be reduced using the predetermined value AP;. In
some embodiments, AP, may be selected from a lookup table, map, or other data structure
based on the magnitude of the difference between RSRPcx and RSRPrygesn- In other
embodiments, a single value for AP, may be used during one or more iterations of method 1200
until the received signal power level RSRP¢a is less than the received signal power level
threshold RSRPrygresy. In other embodiments, APy may be determined based on one or more
factors (e.g., the difference between RSRP¢a and RSRPrhresn) and an equation, algorithm, or
model that incorporates such factors as variables.

[93] As also shown in the example of Fig. 12, with reference to steps 1208-1222, if the
outcome of step 1204 is NO (i.e., RSRP¢, is less than RSRPryresn), the power adjustment
value AP, may be a predetermined power adjustment value selected from a plurality of
predetermined power adjustment values based on a comparison of the block error rate BLERca
and at least one of a first reference block error rate value (e.g., BLERygr), a second reference
block error rate value (e.g., BLER,ow), and a zero value (or other reference value). Step 1208
may include comparing the block error rate BLERa to the first reference block error rate value
BLERuieH and determining whether BLERa is greater than or equal to BLERygh. If the outcome
of step 1208 is YES (i.e., BLERca is greater than or equal to BLERygn), then the power
adjustment value APac may be set to a value AP, for adjusting the transmission power of the
first node in step 1210. The value AP, may correspond to a positive adjustment (i.e., an
increase) to the transmission power of the first node in order to reduce the block error rate
BLERca to a value below BLERygy. In some situations, a high block error rate can be the result
of low signal strength, interference, excessive distance, and/or other factors, which can be at
least partially overcome (or their effects reduced) by increasing the transmission power of the
transmitting node. BLERuign may be predetermined based on empirical testing of various
operating conditions (e.g., testing various atmospheric conditions, distances between nodes,
levels of interference, power level restrictions, etc.) or desired signal parameters, such as a
maximum allowable block error rate. In some embodiments, AP, may be selected from a lookup
table, map, or other data structure based on the magnitude of the difference between BLERca
and BLERygh. In other embodiments, a single value for AP, may be used during one or more
iterations of method 1200 until BLERg, is less than BLERgn. In other embodiments, AP, may
be determined based on one or more measured or determined factors (e.g., the factors
discussed above) and an equation, algorithm, or model that incorporates such factors as

variables.
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[94] If the outcome of step 1208 is NO (i.e., BLERGga is less than BLERygH), then BLERca
may be compared to both BLERy gy and a minimum block error rate threshold (e.g., BLER ow)
at step 1212 to determine whether BLERG, is between BLERy gy and BLER ow. BLER ow may
be predetermined based on empirical testing of various operating conditions (e.g., testing
various atmospheric conditions, distances between nodes, levels of interference, power level
restrictions, etc.) or desired signal parameters, such as a minimum block error rate below which
correction thereof or adjustment of the transmission signal power of the transmitting node is less
urgent or unnecessary. If the outcome of step 1212 is YES (i.e., BLERca is between BLER gy
and BLERow), then the power adjustment value AP may be set to a value AP; for adjusting
the transmission power of the first node in step 1214. The value AP; may correspond to a
positive adjustment (i.e., an increase) to the transmission power of the first node in order to
reduce the block error rate BLERca to a value below the current block error rate of BLERca. To
avoid high volumes of complex computations for determining a precise value of AP, the value
of AP; may be may be selected from a lookup table, map, or other data structure based on the
magnitude of the difference between BLERc4 and BLER, ow and/or BLERy . In other
embodiments, a single value for AP; may be used during one or more iterations of method 1200
until BLERg, is less than BLER ow. In other embodiments, AP; may be determined based on
one or more measured or determined factors (e.g., the factors discussed above) and an
equation, algorithm, or model that incorporates such factors as variables.

[95] If the outcome of step 1212 is NO (i.e., BLERga is less than BLER ow), then BLERca
may be compared to both BLER 0w and a zero value (e.g., a value corresponding to there being
no determined block error rate) at step 1216 to determine whether BLERc, is between BLER ow
and the zero value. The zero value (represented as “0” in Fig. 11) may be predetermined based
on empirical testing of various operating conditions (e.g., testing various atmospheric conditions,
distances between nodes, levels of interference, power level restrictions, etc.) or desired signal
parameters, such as a block error rate at or below which the block error rate is zero or is
reasonably estimated or assumed to be zero such that further lowering is not possible or cannot
be reasonably achieved. If the outcome of step 1216 is YES (i.e., BLERca is between BLER ow
and the zero value), then the power adjustment value AP,c may be set to a value AP, for
adjusting the transmission power of the first node in step 1218. The value AP, may correspond
to a positive adjustment (i.e., an increase) to the transmission power of the first node in order to
reduce the block error rate BLERca to a value below the current block error rate of BLERca. To
avoid high volumes of complex computations for determining a precise value of AP,, the value

of AP, may be may be selected from a lookup table, map, or other data structure based on the
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magnitude of the difference between BLER:a and BLER, ow and/or the zero value. In other
embodiments, a single value for AP, may be used during one or more iterations of method 1200
until BLERc, is equal to, approximately equal to, or reasonably determined to be equivalent to
the zero value (e.g., based on empirical testing). In other embodiments, AP, may be determined
based on one or more measured or determined factors (e.g., the factors discussed above) and
an equation, algorithm, or model that incorporates such factors as variables.

[96] If the outcome of step 1216 is NO (i.e., BLERca is not greater than the zero value),
then BLERca may be compared to the zero value at step 1220 to determine whether BLERga is
equal to, approximately equal to, or reasonably determined to be equivalent to the zero value. If
the outcome of step 1220 is YES (i.e., BLERca is equal to, approximately equal to, or
reasonably determined to be equivalent to the zero value), then the power adjustment value
AP, may be set to a value AP = 0 for adjusting the transmission power of the first node in step
1222 (i.e., to indicate that no adjustment is necessary). If the outcome of step 1220 is NO, the
exemplary method in Fig. 12 may end.

[97] Although the power adjustment values AP;-AP, have been described as values to
which APac may be set for purposes of adjusting the transmission power level of the first node,
it is to be appreciated that more or fewer predetermined adjustment values may be used
depending on the number and nature of comparisons used. Additionally, it is to be appreciated
that the difference between adjacent values in the range of AP,-AP, may be the same, different,
equally spaced, or unequally spaced. In some embodiments, the values of AP,-AP, may be
related as AP > AP, > AP3 > AP,. In other embodiments, the relative sizes of AP,-AP, may be
arranged differently, depending on determined strategies for adjusting the transmission power
level under certain operating conditions, including strategies based on how quickly and/or
drastically to adjust the transmission power level of the first node with each iteration of method
1200.

[98] If the outcome any of steps 1204, 1208, 1212, 1216, or 1220 is YES, upon
completion of step 1206, 1210, 1214, 1218, or 1222, respectively, the power adjustment value
AP, may be transmitted to the first node at step 1224. For example, the power adjustment
value AP,c may be transmitted via transmission module 100 (referring to Fig. 9).

[99] It is to be appreciated that the method described above with reference to Fig. 12 may
be similar to the methods described above with reference to Figs. 6, and 11, and that certain
descriptions of the methods described with reference to Figs. 6 and 11 that pertain to similar
features in the method described with reference to Fig. 11 may equally apply the other methods
and vice versa. As with the methods described above with reference to Figs. 6 and 11, the
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method described with reference to Fig. 11 is an example of one method or process for
implementing aspects of the disclosure and is not intended to be limiting.

[100] Referring again to Fig. 9, communication mode 84 of Node A 70 may include a
demodulation module 102 configured to receive the power adjustment values AP g and APac
from Node B 72 and Node C 74 via the wireless communication links between them.
Demodulation module 102 may be configured to receive a signal including information indicative
of the power adjustment values APpg and APxc (e.g., the power adjustment value determined by
the second and third nodes based on block error rate and received signal power level
information) and demodulate, unpack, decrypt, decode, or otherwise process the received
signal from which the power adjustment values APas and APac may be obtained.

[101] In many instances, Node B 72 and Node C 74 may not be similarly situated with
respect to Node A 70 and other aspects of the environment, and thus Node B 72 and Node C
74. For example, Node B 74 and Node C 74 may each be different distances from Node A 70
and/or may experience different levels of interference caused by other nodes or other
environmental factors. Thus, the power adjustment values APag and AP4c of Node B 72 and
Node C 74 may not be equal. That is, in some instances, one of APg and APsc may have a
greater (or lesser) magnitude than the other and/or may be of a different sign (e.g., positive or
negative). In other words, depending on the circumstances, APag and APac may respectively
correspond to power adjustments of Node A 70 in the same or different directions (e.g.,
increase or decrease), and a difference (e.g., a mathematical difference) may exists between
the values of APag and APxc.

[102] The power adjustment values APag and APac may be communicated from
demodulation module 102 to an aggregation module 104 configured to determine a single
power adjustment value AP, for Node A 70 based on APag and APac. Aggregation module 104
may be configured to analyze multiple power adjustment values from a plurality of nodes (e.g.,
AP,p and AP,c) and determine a single power adjustment value AP, for controlling the
transmission power of Node A based on the analysis. For example, as in the situations
mentioned above in which AP,z and APac may be different (i.e., a difference exists between
them), the determined power adjustment value AP, may be determined based on the difference
between APag and APac. In such situations, Node B 72 and Node C 74 may have competing
interests with respect to how the transmission power level of Node A 70 may be adjusted.
Node A 70 (i.e., the transmitting node) may be configured to determine a power adjustment
value based on a first power adjustment value (e.g., APag) received from Node B 72 and a
second power adjustment value (APac) received from Node C 74. That is, from APag and APpxc
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Node A 70 may be configured to determine a single power adjustment value for controlling its
power transmission level. Node A 70 may be configured to then determine a transmission power
level (e.g., for itself) based on the single determined power adjustment value (i.e., based on
AP,s and APac). Node A 70 may be configured to determine its power adjustment value based
on APag and APxc using suitable mathematical, analytical, or other techniques and is not limited
to the exemplary methods described herein.

[103] For example, in some embodiments, aggregation module 104 may be configured to
determine the smallest power adjustment value among the received power adjustment values or
the largest power adjustment value among the received power adjustment values and set AP,
to the largest or smallest power adjustment value, depending on other factors. For example, in
some situations, the power adjustment value from a first node (e.g., APg) may be a positive
value while the power adjustment value from another node (e.g., APsc) may be negative. If the
smallest of the smallest received power adjustment value is a negative value (e.g., for
decreasing the power output of the first node), then, for example, the received signal power the
node generating the negative power adjustment value may have exceeded a threshold and the
received signal may be saturated. That is, the power of the signal received at that node may be
too high and should be reduced, even though another node (e.g., that generated a positive
power adjustment value) may desire the transmission power of the transmitting node to be
increased. In some embodiments, under such circumstances, the smallest of the received
power adjustment values may be selected (i.e., corresponding to a decrease in the transmission
power of the transmitting node). In other situations, such as when the received power
adjustment values from both receiving nodes (e.g., Node B 72 and Node C 74) are positive
values (e.g., for increasing the transmission power output of the first node), then the largest
received power adjustment value may be selected in order to increase the signal quality at the
node requesting the larger power adjustment without significantly disadvantaging the node that
requested the smaller increase (of course, while considering any upper limit thresholds for the
received signal power at either node, and decreasing the transmission power level if such a
threshold is exceeded, as described above). In other embodiments, aggregation module may
utilize the received power adjustment values in one or more algorithms, equations, or models to
determine a power adjustment value to which AP, is set. Such algorithms, equations, or models
may include averaging, weighted averaging, or system specific operations based on hardware,
software, or environmental requirements.

[104] A power strategy module 106 may be configured to determine a transmission power

level P(:) for the first node (e.g., Node A 70) based on the power adjustment value AP, that was
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determined based on the power adjustment values (e.g., APag and APyc) received from the

second and third nodes (e.g., Node B 72 and Node C 74). In some embodiments, power

strategy module 106 may be configured to determine the transmission power level P(:) for the

first node based on a table of values, map, or other data structure that correlates power

adjustment value AP, with transmission power level values P(:) for the first node. In other

embodiments, power strategy module 106 may be configured to determine the transmission
power level P(:) for the first node based on an equation, algorithm, or model that incorporates

the power adjustment value AP, as an input variable. The transmission power level P(:) for the
first node may be communicated to an RFC module 108 configured to control the power level at
which signals are transmitted from Node A 70. For example, RFC module 64 may control a

communication device (e.g., communication device 20 or 28 or the like) to transmit signals at a

power level corresponding to the transmission power level P(:) for the first node.

[105] Communication module 84 of Node A 70 may also include a RRC module 110
configured to determine whether communication between the first node and the second or third
node has faulted. For example, RRC module 110 may be configured to analyze time stamps
associated with data packets received from Node B 72 and Node C 74 to determine whether
communication between Node A 70 and Node B 72 or C 74 has faulted. Alternatively, RRC
module 110 may be configured to compare a local time associated with Node A 70 to a local
time associated with Node B 72 or Node C 74, a time scale associated with another node, or a
global time scale, and determine whether the communication between Node A 70 and Node B
72 or Node C 74 has faulted. Other methods of determining whether communication between
Node A and Nodes B and C has faulted may be used. When RRC module 110 determines that
communication between Node A 70 and Node B 72 or Node C 74 has faulted, RRC module 110
may send a signal to a reset module 112 indicating that communication between the nodes has
faulted. When reset module 112 receives a signal from RRC module 110 indicating that
communication between the nodes has faulted, reset module may be configured to generate a
signal indicative of a default power transmission level PA™ for the first node. When
communication between the nodes has faulted, the power adjustment value APag or APac
received from the second and third nodes may be inaccurate, indeterminate, or may not have
been received due to the fault. To ensure the quality of signals generated by the first node
and/or to remedy the fault in communication between the first and second or third node, RFC

module 108 may control the transmission power level of the first node based on the default

power transmission level PR received from reset module 112 until no fault is detected.
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[106] Fig. 10 shows an exemplary method 1000, consistent with the descriptions above,
that may be performed by a first node (e.g., Node A) for controlling a transmission power of a
wireless communication device in accordance with the illustrative embodiments discussed
above. In some embodiments, method 1000 may be carried out by control module 84 in
conjunction with a communication device (e.g., communication device 20 or 28 or the like). In

step 1002, the transmission power level P(:) for the first node may be initially set to the default

power transmission level PREF of the first node. The default power transmission level PR may

correspond to a maximum possible power transmission level (e.g., the highest power level
achievable by a communication device associated with the node), a maximum permissible
power lever, a power level threshold or limit (e.g., associated with an official or regulatory
requirement), or other type of power level value. In other embodiments, method 1000 may not

necessarily begin with a step of setting the transmission power level P(:) for the first node to the

default power transmission level PRE", and may instead begin with the transmission power level

P(:) at a different power level than the default power transmission level.

[107] At step 1004, a determination of whether communication between the first and
second or third nodes has faulted may be made. The determination of whether communication
between the first and second nodes has faulted may be made according to the methods
described above. If the outcome of step 1004 is YES (i.e., when the communication between

the first and second nodes has faulted), the transmission power level P(:) for the first node may

be set to the default power transmission level PREF in step 1006. After completion of step 10086,
wireless communication signals generated by the first node may be transmitted at the

transmission power level PY) that was set (e.g., the default power level PREF) at step 1014. If the
outcome of step 1004 is NO (i.e., when the communication between the first node and second
and third nodes has not faulted), the method may continue to step 1008 for demodulating the
power adjustment values APxg and APc received from the second and third nodes (e.g., from
Node B 72 and Node C 74). Descriptions of exemplary methods for determining the power
adjustment values AP,g and AP 4 at the second and third nodes are provided above with
reference to Figs. 11 and 12.

[108] Demodulation at step 1008 may be conducted according to the examples described
above or according to a different method. The demodulation process at step 1008 is used to
extract the AP,g and APxc values from modulated electromagnetic signals that the first node
(e.g., Node A) received from the second and third nodes (e.g., Nodes B and C). After
completion of step 1008, the method may advance to step 1010 for determining AP based on
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APag and APac. In some embodiments, AP, may be determined by demodulation module 102 or
in the manner thereof, described above. For example, in some embodiments the following
relationships may be used to determine APa:

AP ={ mMin(APag, APac), for min(APag APac) <0

max (APag APac), for all others
[109] The relationship above may be one example of an implementation of the principles
described above with regard to determining a single power adjustment value for a transmitting
node based on multiple power adjustment values received by a plurality of receiving nodes. The
above relationship is not intended to be limiting on this disclosure or the claims by virtue of its
inclusion in this description. Other mathematical or analytical techniques or methods may be
used to determine a power adjustment value for a transmitting node based on a plurality of

received power adjustment values from a plurality of receiving nodes. The transmission power

level P(:) for the first node may be determined at step 1012. The transmission power level P(:)

for the first node may then be determined, for example, using the following relationship:

P =min (max (P +APA, Pyn), PR™)

where P(:) is the currently-determined transmission power level for the first node, P(:'l) is the

previously-determined transmission power level of the first node (e.g., the value determined

during a previous iteration of method 1000 or the value to which P(:) was otherwise previously
set), AP, is the power adjustment valued determined based on the power adjustment values
determined at the second and third nodes, Py is @ minimum power level (e.g., a minimum

possible power level, a predetermined minimum permissible power level, or an otherwise

determined minimum power level, as described above), and PR is the default power

transmission level (as described above). In some embodiments, Py may be the minimum
possible power level at which an associated communication device is capable of transmitting
signals. In other embodiments, Pyny may be the minimum possible power level at which signals
of a desired quality (e.g., based on threshold BLER or RSRP values) are or can be achieved, or
an empirically determined minimum power level that is sufficient to achieve desired results
under various environmental or operational conditions. A predetermined minimum possible
power level may include an empirically or theoretically (e.g., based on a model or algorithm)
determined power level that achieves a desired level signal quality, or a predetermined value
based on regulatory requirements or limitations (e.g., divisions in spectrum, permissible

spectrum use, etc.). After completion of step 1012, wireless communication signals may be
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generated by the first node at step 1014 and transmitted using the power level Pg”).determined
at step 1012.

[110] As mentioned above, when a node engages in wireless communication with multiple
other nodes, or when multiple nodes engage in wireless communication with a common node,
situations may arise when communication between two nodes can affect communication
between two different nodes. For example, situations may arise in which a common receiving
node in respective communication with a plurality of transmitting nodes receives signals of
different quality levels from the respective transmitting nodes. This difference may be the result
of several factors, including the distance of the receiving node from each of the transmitting
nodes and the environmental conditions (including background noise levels caused by other
nodes and/or other devices). Thus, when multiple transmitting nodes transmit signals at to a
single receiving node, the single receiving node may desire for each transmitting node to adjust
its respective transmission power level differently than the other in order to receive signals of
better quality (e.g., of reduced BLER, without saturation, etc.) from each node. The following
descriptive exemplary embodiments address solutions for improving communication among
nodes engaged in many-to-one communication.

[111] Fig. 13, shows an example of one-to-many communication between Node A 70 and
Nodes B 72 and C 74 (i.e., communication in the reverse direction with respect to Fig. 9).
Communication modules 84-88 in Fig. 13 may correspond to communication modules 84-88
described above and may therefore include any or all features described above with respect to
Fig. 9. In the example of Fig. 13, the transmission power output (or “transmission power”) of
Nodes B 72 and C 74 may be controlled based on information received from Node A 70. Node
A 70 may include a collection module 114 configured to collect information associated with
wireless communication. Information relating to wireless communication may include, but is not
limited to, information relating to the state or quality of wireless communication between a first
node (e.g., Node A 70) and another object (e.g., Node B 72 or Node C 74) from the perspective
of the first node. Such information may include block error rate (BLER) information and received
signal power level (RSRP) information. Collection module 114 may be configured to collect the
block error rate information (BLERag and BLERac) and received signal power level information
(RSRPas and RSRP4c) associated with wireless communication received by Node A 70 from
Node B 72 and Node C 74. In some embodiments, collection module 114 may be configured to
receive information (e.g., BLER and RSRP information) from other modules or devices, store
information (e.g., in memory), or analyze and/or process signals to determine information. For

instance, collection module 114 may be configured to determine BLER and RSRP values or
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receive BLER and RSRP values that were determined by another module. Collection

module 114 may be configured to communicate information (e.g., BLER and RSRP information)
to other devices, such as a power control module 116 for generating power adjustment values.
[112] Power control module 116 may be configured to obtain a power adjustment value
APga and AP¢, for controlling the transmission power level of Nodes B 72 and C 74,
respectively. That is, in some instances Node A 70 may wish for both Node B 72 and Node C to
increase their transmission power levels, for both Node B 72 and Node C to decrease their
transmission power levels, for one node to increase and the other to decrease its transmission
power level, or for one node to not adjust its transmission power level while the other increases
or decreases its transmission power level. Such scenarios may arise depending on such factors
as the distance between each of Node B 72 and Node C 74 with respect to Node A, the level of
background noise, and/or other environmental considerations. For example, power control
module 116 may be configured to determine a power adjustment value APg, for Node B 72 and
APca for Node C 74 based on BLERag, RSRPag, BLERAc and RSRP4c values received from
collection module 114. In some embodiments, power control module 116 may be configured to
analyze the BLER and RSRP values and select or determine power adjustment value values
APga and AP¢, that correspond to the outcome of such analysis. For example, power control
module 116 may be configured to select power adjustment values APga and AP from a map
that relates APga or APc, to various outcomes of comparing the BLER and RSRP values to
predetermined reference values. In other embodiments, power control module 116 may be
configured to determine power adjustment values APgs and AP¢a based on BLER and RSRP
values using one or more equations, algorithms, or models (e.g., using BLER and RSRP values
as variables or constants in one or more equations, algorithms, or models).

[113] It is to be appreciated that that in many-to-one wireless communication, multiple
transmitting nodes communicating with a common receiving node may, in some instances,
generate noise to each other, thereby affecting how the receiving node may determine how to
command each transmitting node to adjust its respective transmission power level. For example,
Node A 70 may be configured to obtain or determine power adjustment values APgs and APca
to reduce a difference between the received signal powers RSRPas and RSRP4c. Alternatively,
Node A 70 may be configured to determine a signal to noise ratio for each transmitting node
(e.g., Node B 72 and Node C 74) and determine power adjustment values APga and APca 10
reduce a difference between the signal to noise ratios associated with each transmitting node.
Minimizing such differences may result in achieving a state of communication in which signals

from Node B 74 and Node C 74 are received at node A 70 with similar quality levels, such that
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only relatively small power adjustment values (APga and AP¢,) are generated by Node A 70
during each iteration of the process. In this way, high quality communication between Node A
70 and each of the other nodes (e.g., Node B 72 and Node C 74) may be quickly achieved and
easily maintained.

[114] At times, due to the independent nature of Node B 72 and Node C 74 and the
complexity of the surrounding environment, Node A 70 may be configured to obtain different
power adjustment values (e.g., in both magnitude and mathematical sign) for Node B 72 and
Node C 74 based on its perception of signal quality from both nodes (e.g., as indicated by
BLERag, RSRPas, BLERAc and RSRPac) while also taking into account such environmental
conditions as background noise.

[115] For instance, in some situations, such as when Node A 70 is configured to reduce a
difference between Node B 74 and Node C 74 (e.g., a difference in received signal power, a
difference in block error rate, a difference in signal to noise ratio, etc.) Node A 70 may be
configured to obtain power adjustment values APgs and AP, that respectively correspond to an
increase in the transmission power of at least one of Node B 72 and Node C. In other situations,
Node A 70 may obtain power adjustment values APgs and APg,a that respectively correspond to
a decrease in the transmission power of at least one of Node B 72 and Node C. In other
situations, Node A 70 may obtain power adjustment values APga and APc, that respectively
correspond to an increase in the transmission power of one Node B 72 and Node C 74 and a
decrease in the transmission power of the other of Node B 72 and Node C 74.

[116] In other situations, such as when Node A 70 is configured to adjust the transmission
power levels of Node B 74 and Node C 74 based on environmental conditions, such as a
background noise level, Node A 70 may be configured to obtain power adjustment values APga
and APca that respectively correspond to an increase in the transmission power of at least one
(e.g., one or both) of Node B 72 and Node C, such as when the background noise increases
and higher transmission power is desired to improve signal quality. In other situations, Node A
70 may obtain power adjustment values APga and APca that respectively correspond to a
decrease in the transmission power of at least one (e.g., one or both) of Node B 72 and Node C,
such as when the background noise is reduced and a desired signal quality can be achieved
using lower transmission power levels. In other situations, Node A 70 may obtain power
adjustment values APgp and AP¢a that respectively correspond to an increase in the
transmission power of one Node B 72 and Node C 74 and a decrease in the transmission power
of the other of Node B 72 and Node C 74. Such a situation may arise, for example, in

embodiments in which Node A 70 is configured to obtain power adjustment values APgp and
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AP¢, based on a background noise level and to reduce a difference between Node B 72 and
Node C 74, as described above.

[117] Referring again to Fig. 13, power control module 116 may be configured to
communicate the power adjustment values APga and AP, to transmission module 118 for
transmitting the power adjustment values APga and AP¢a from Node A 70 to Nodes B 72 and C
74. Transmission module 118 may be configured to prepare data corresponding to power
adjustment values APgp and AP¢a for wireless transmission to Nodes B 72 and C 74. For
example, transmission modules 118 may be configured to prepare, package, encrypt, modulate,
or otherwise process information corresponding to power adjustment values APga or APga for
transmission via a wireless communication link to Nodes B 72 and C 74. Upon receipt of power
adjustment values APgp and AP¢,, respectively, Nodes B 72 and C 74 may be configured to use
the power adjustment values APga and AP¢a to control their respective transmission powers for
sending signals over a wireless communication link.

[118] Fig. 16 shows an exemplary method 1600 for determining power adjustment values
at a first node for a second node and a third node that may be conducted by or in conjunction
with the embodiment of Fig. 13. Step 1602 may include determining block error rates (e.g.,
BLERag and BLERAac) and received signal power levels (e.g., RSPSag and RSRPac) at the first
node (e.g., Node A 70) based on signals transmitted by the second and third nodes (e.g., Nodes
B 72 and C 74) over a wireless communication link. The BLER and RSRP data may be
determined, for example, by collection module 114, as described above.

[119] In steps 1604-1644, power adjustment values (e.g., APga and AP¢,) for the second
and third nodes may be obtained (e.g., determined, received, etc.) at the first node. It is to be
appreciated that the numbering of steps 1604-1644 is provided purely for convenience, and that
the number of such steps alone do not limit the order in which such steps may be completed;
various orders of steps 1604-1644 may be used. The power adjustment values APgs and APy
may be determined based on the block error rate BLERxg and BLERa¢ and the received signal
power levels RSRPas and RSRP4c. In some embodiments, the power adjustment values APga
and AP¢ga may be determined based on comparisons of the received signal power level RSRP
values or the block error rate BLER values to respective predetermined values. For example,
steps 1604 and 1606 may respectively include comparisons of the received signal power level
RSRPas and RSRP,c to a received signal power level threshold RSRPresy for determining the
power adjustment values APgs and AP¢,, respectively. At steps 1604 and 16086, if the received
signal power level RSRP g or RSRPac is greater than or equal to the received signal power
level threshold RSRPryresy (i-€., if the outcome of step 1604 or 1606 is YES), the power
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adjustment value APg, or APc, may be set to a negative value of -AP, at steps 1608 and 1610,
respectively. That is, when RSRPs or RSRP4c is greater than or equal to the received signal
power level threshold RSRPyresh, the received signal power level RSRPag or RSRP,c may be
deemed to be too high and should be reduced by the value AP,. For instance, when the
received signal power level RSRPag or RSRP, is greater than, for example, the average
received signal power level of a number of communication devices in an area, a predetermined
power level limit, a regulatory power level limit, a power level limit for preventing signal
saturation, a power level limit determined for conserving available battery power, or another
predetermined value, the received signal power level RSRP 45 or RSRPc may be reduced using
the predetermined value AP;. In some embodiments, AP, may be selected from a lookup table,
map, or other data structure based on the magnitude of the difference between RSRP g or
RSRPac and RSRPyygresy. In other embodiments, a single value for AP, may be used during
one or more iterations of method 1600 until the received signal power level RSRPags or RSRPac
is less than the received signal power level threshold RSRPtpresy. In other embodiments, AP,
may be determined based on one or more factors (e.g., the difference between RSRP g or
RSRPac and RSRP1yresy) and an equation, algorithm, or model that incorporates such factors
as variables.

[120] As also shown in the example of Fig. 16, if the outcome of step 1604 or 1606 is NO
(i.e., RSRPag or RSRP4c is less than RSRPryresn), the power adjustment value APga or APca
may be a predetermined power adjustment value selected from a plurality of predetermined
power adjustment values based on a comparison of the block error rate BLERag or BLERa¢ and
at least one of a first reference block error rate value (e.g., BLERueH), @ second reference block
error rate value (e.g., BLER ow), and a zero value (or other reference value). Steps 1612 and
1614 may include comparing the block error rate BLERag and BLERAac to the first reference
block error rate value BLERy g and determining whether BLERg and BLER, are greater than
or equal to BLERygp. If the outcome of step 1612 or 1614 is YES (i.e., BLERag or BLER s is
greater than or equal to BLERygH), then the power adjustment value APga or APc4 may be set
to a value AP, for adjusting the transmission power of the second or third node, respectively, in
steps 1616 and 1618. The value AP, may correspond to a positive adjustment (i.e., an increase)
to the transmission power of the second or third node in order to reduce the block error rate
BLERag or BLERAc, respectively, to a value below BLERygH. In some situations, a high block
error rate can be the result of low signal strength, interference, excessive distance, and/or other
factors, which can be at least partially overcome (or their effects reduced) by increasing the
transmission power of the transmitting node. BLERuigny may be predetermined based on
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empirical testing of various operating conditions (e.g., testing various atmospheric conditions,
distances between nodes, levels of interference, power level restrictions, etc.) or desired signal
parameters, such as a maximum allowable block error rate. In some embodiments, AP, may be
selected from a lookup table, map, or other data structure based on the magnitude of the
difference between BLERag or BLERsc and BLERygn. In other embodiments, a single value for
AP, may be used during one or more iterations of method 1600 until BLERag or BLERAac is less
than BLERygr. In other embodiments, AP, may be determined based on one or more measured
or determined factors (e.g., the factors discussed above) and an equation, algorithm, or model
that incorporates such factors as variables.

[121] If the outcome of step 1612 or 1614 is NO (i.e., BLERag or BLER4¢ is less than
BLERugH), then BLERss and BLERac may be compared to both BLERy gy and a minimum block
error rate threshold (e.g., BLER ow) at steps 1620 and 1622, respectively, to determine whether
BLERag or BLER4c is between BLERy gy and BLER, ow. BLER ow may be predetermined based
on empirical testing of various operating conditions (e.g., testing various atmospheric conditions,
distances between nodes, levels of interference, power level restrictions, etc.) or desired signal
parameters, such as a minimum block error rate below which correction thereof or adjustment of
the transmission signal power of the transmitting node is less urgent or unnecessary. If the
outcome of step 1620 or 1622 is YES (i.e., BLERag or BLERxc is between BLERy g and
BLER_ow), then the power adjustment value APga or APca may be set to a value AP; for
adjusting the transmission power of the second and third nodes, respectively, in steps 1624 and
1626. The value AP5; may correspond to a positive adjustment (i.e., an increase) to the
transmission power of the second or third node in order to reduce the block error rate BLERgg or
BLERAac, respectively, to a value below the current block error rate. To avoid high volumes of
complex computations for determining a precise value of AP, the value of AP; may be may be
selected from a lookup table, map, or other data structure based on the magnitude of the
difference between BLER,g or BLER¢ and BLER, ow and/or BLERygH. In other embodiments, a
single value for AP; may be used during one or more iterations of method 1600 until BLERag or
BLER,c is less than BLER ow. In other embodiments, AP; may be determined based on one or
more measured or determined factors (e.g., the factors discussed above) and an equation,
algorithm, or model that incorporates such factors as variables.

[122] If the outcome of step 1620 or 1622 is NO (i.e., BLERag or BLER4¢ is less than
BLER.ow), then BLERag and BLERac may be compared to both BLER ow and a zero value (e.g.,
a value corresponding to there being no determined block error rate) at steps 1628 and 1630,
respectively, to determine whether BLERag or BLER ¢ is between BLER, ow and the zero value.

46



WO 2018/191983 PCT/CN2017/081532

The zero value (represented as “0” in Fig. 16) may be predetermined based on empirical testing
of various operating conditions (e.g., testing various atmospheric conditions, distances between
nodes, levels of interference, power level restrictions, etc.) or desired signal parameters, such
as a block error rate at or below which the block error rate is zero or is reasonably estimated or
assumed to be zero such that further lowering is not possible or cannot be reasonably achieved.
If the outcome of step 1628 or 1630 is YES (i.e., BLERag or BLER4c is between BLER, ow and
the zero value), then the power adjustment value APga or APc4 may be set to a value AP, for
adjusting the transmission power of the second and third node, respectively, in steps 1632 and
1634. The value AP, may correspond to a positive adjustment (i.e., an increase) to the
transmission power of the second or third node in order to reduce the block error rate BLERgg
and BLER,g, respectively, to a value below the current block error rate. To avoid high volumes
of complex computations for determining a precise value of AP,, the value of AP, may be may
be selected from a lookup table, map, or other data structure based on the magnitude of the
difference between BLERag or BLERac and BLER, ow and/or the zero value. In other
embodiments, a single value for AP, may be used during one or more iterations of method 1600
until BLERag or BLERxc is equal to, approximately equal to, or reasonably determined to be
equivalent to the zero value (e.g., based on empirical testing). In other embodiments, AP, may
be determined based on one or more measured or determined factors (e.g., the factors
discussed above) and an equation, algorithm, or model that incorporates such factors as
variables.

[123] If the outcome of step 1628 or 1630 is NO (i.e., BLERag or BLERxc is not greater
than the zero value), then BLERs and BLERac may be compared to the zero value at steps
1636 and 1638, respectively, to determine whether BLERag or BLER4¢ is equal to,
approximately equal to, or reasonably determined to be equivalent to the zero value. If the
outcome of step 1636 or 1638 is YES (i.e., BLERca is equal to, approximately equal to, or
reasonably determined to be equivalent to the zero value), then the power adjustment value
APga and APca may be set to a value AP = 0 for adjusting the transmission power of the second
and third nodes, respectively, in steps 1640 and 1642 (i.e., to indicate that no adjustment is
necessary). If the outcome of either of steps 1636 or 1638 is NO, the exemplary method in Fig.
16 may end.

[124] Although the power adjustment values AP,-AP,4 have been described as values to
which APgs and AP¢, may be set for purposes of adjusting the transmission power level of the
second and third nodes, it is to be appreciated that more or fewer predetermined adjustment
values may be used depending on the number and nature of comparisons used. Additionally, it
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is to be appreciated that the difference between adjacent values in the range of AP,-AP, may be
the same, different, equally spaced, or unequally spaced. In some embodiments, the values of
AP4-AP, may be related as AP, > AP, > AP; > AP,. In other embodiments, the relative sizes of
AP,-AP, may be arranged differently, depending on determined strategies for adjusting the
transmission power level under certain operating conditions, including strategies based on how
quickly and/or drastically to adjust the transmission power level of the second and third nodes
with each iteration of method 1600.

[125] If the outcome any of step of the exemplary method progresses to step 1644, the
power adjustment value APga or APca may be transmitted to the second or third node,
respectively, at step 1644. For example, the power adjustment value APga or APc4 may be
transmitted via transmission module 118 (referring to Fig. 13).

[126] It is to be appreciated that the methods described above with reference to Fig. 16
may be similar to the method described above with reference to Figs. 6, 11, and 12, and that
certain descriptions of the methods described with reference to Figs. 6, 11, and 12 that pertain
to similar features in the methods described with reference to Fig. 16 may equally apply to those
methods and vice versa. As with the methods described above with reference to Figs. 6, 11,
and 12, the methods described with reference to Fig. 16 are examples of one methods or
processes for implementing aspects of the disclosure and is not intended to be limiting.

[127] Referring again to Fig. 13, communication modules 86 and 88 of Nodes B 72 and

C 74 may include demodulation modules 120 and 122, respectively, configured to receive
signals including information indicative of the power adjustment values APg, and AP¢a from
Node A 70 via the wireless communication links between them. Demodulation modules 120 and
122 may be configured extract information from the received signals indicative of the power
adjustment values APgs and APc,, respectively, (e.g., the power adjustment value determined
by the first node based on block error rate and received signal power level information) and
demodulate, unpack, decrypt, decode, or otherwise process the received signal from which the
power adjustment values APga and AP, may be obtained. The power adjustment values APgp
and APca may then be communicated from demodulation modules 120 and 122 to power
strategy modules 124 and 126, respectively, which may be configured to determine a
transmission power level P(B”) and P(C”)for the second and third node, respectively, based on the
power adjustment values AP, and AP¢, that were determined at the first node. In some
embodiments, power strategy modules 124 and 126 may be configured to determine the
transmission power level APgs and AP¢,, respectively, for the second and third nodes based on
a table of values, map, or other data structure that correlates power adjustment values APga and
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APca with transmission power level values P(B”) and P(C”) for the second and third nodes. In other

embodiments, power strategy modules 124 and 126 may be configured to determine the

transmission power level P(B”) and P(C”) for the second and third nodes based on an equation,

algorithm, or model that incorporates the power adjustment value APga or APc4 as an input

variable. The transmission power levels P(B”) and P(C”) for the second and third nodes may be
communicated to RFC modules 128 and 130, respectively, which may be configured to control
the power level at which signals are transmitted from Node B 72 and Node C 74, respectively.
For example, RFC modules 128 and 130 may be configured to control a communication device
(e.g., communication device 20 or 28 or the like) to transmit signals at a power level

corresponding to the transmission power level P(B”) and P(C”) for the second and third nodes,
respectively.

[128] Communication modules 86 and 88 of Nodes B 72 and C 74 may also include

RRC modules 132 and 134, respectively, which may be configured to determine whether
communication between the second or third node and the first node has faulted. For example,
RRC modules 132 and 134 may be configured to analyze time stamps associated with data
packets received from Node A 70 to determine whether communication between Node B 72 or
Node C 74 and Node A 70 has faulted. Alternatively, RRC modules 132 and 134 may be
configured to compare a local time associated with Nodes B 72 and C 74 to a local time
associated with Node A, a time scale associated with another node, or a global time scale, and
determine whether the communication between Node B 72 or C 74 and Node A 70 has faulted.
Other methods of determining whether communication between nodes are is not faulted may be
used. When RRC modules 132 and 134 determine that communication between Node B 72 or
Node C 74 and Node A 70 has faulted, RRC modules 132 and 134 may send a signal to a
respective reset module 136 or 138, indicating that communication between the nodes has
faulted. When reset module 136 or 138 receives a signal from RRC module 132 or 134,
respectively, indicating that communication between the nodes has faulted, the reset modules
136 and 138 may be configured to generate a signal indicative of a default power transmission
level PREF or P2EF for the second or third node, respectively. When communication between the
nodes has faulted, the power adjustment value APga or APca received from the first node may
be inaccurate, indeterminate, or may not have been received due to the fault. To ensure the
quality of signals generated by the second and third nodes and/or to remedy the fault in
communication among the nodes, RFC modules 128 and 130 may control the transmission
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power level of the second and third nodes, respectively, based on the default power

transmission levels PR and PR received from reset modules 136 and 138 until no fault exists.

[129] Figs. 14 and 15 show exemplary methods 1400 and 1500 for controlling a
transmission power of a wireless communication device that may be used in accordance with
the illustrative embodiments discussed above. Methods 1400 and 1500 include steps 1402-
1412 and 1502-1012, respectively, which substantially correspond to steps 502-512 of method
500 shown in Fig. 5 and described above, the difference being that method 1400 corresponds to
control of Node B and method 1500 corresponds to control of Node C, each respectively based
on power adjustment values APga and AP¢a. Accordingly, exemplary methods 1400 and 1500
will not be described in further detail, and it is to be appreciated that descriptions applicable to
method 500 apply equally to methods 1400 and 1500 in terms of how each corresponding step
is carried out. Methods 1400 and 1500 may be carried out by control modules 86 and 88,
respectively, in conjunction with a communication device (e.g., communication device 20 or 28
or the like).

[130] In some embodiments, one or more nodes in a communication network (e.g., Node
A 70, Node B 72, Node C 74, etc.) may function as a receiving node and as a transmitting node.
That is, each such node may be configured to transmit signals (and receive power adjustment
values from one or more other nodes) and receive signals (and transmit power adjustment
values to other nodes), as described in the exemplary embodiments disclosed herein. For
example, in some situations, a node may engage in communication with at least a first other
node by transmitting signals to the first other node, while simultaneously engaging in
communication with at least a second other node by receiving signals from the second other
node. In other situations, a node may transmit signals to multiple other nodes while
simultaneously receiving signals from multiple other nodes.

[131] When a first node engages in communication as both a transmitting node and a
receiving node (e.g., simultaneously), the first node may simultaneously engage in multiple
power control processes disclosed hereinabove. That is, the first node may engage in iterative
control of the transmission power of one or more other nodes while simultaneously engaging in
iterative control of its own transmission power based on adjustment values received from one or
more other nodes. Engaging in such processes may involve adjusting transmission power to
overcome background nose and/or reducing gaps between the signal to noise ratio or received
signal power among other nodes and itself.

[132] For example, in some embodiments, a first node may be configured to communicate
wirelessly with other nodes, the first node comprising a memory having instructions stored
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therein, and an electronic control unit comprising a processor. The processor may be configured
to execute the stored instructions to execute method or process steps consistent with
embodiments described herein above when acting as a transmitting node. For example, the first
node may be configured to establish a wireless communication link between the first node and a
second node. The first node may also be configured to receive a first power adjustment value
from the second node, wherein the first power adjustment value is determined based on signals
transmitted by the first node over the first wireless communication link. The first node may also
be configured to determine a transmission power level for transmitting signals to the second
node based on the received first power adjustment value. The first node may be configured to
then transmit signals to the second node using the determined transmission power level. In this
way the first node may be configured to function as a transmitting node consistent with
embodiments described herein. Additionally, the first node may also be configured to also or
simultaneously function as a receiving node consistent with embodiments described herein
above. For example, the first node may also be configured to determine a first block error rate
and a first received signal power level at the first node based on signals transmitted by the
second node over the first wireless communication link. The first node may also be configured
to obtain a first power adjustment value for the second node based on the first block error rate
and the first received power level. The first node may also be configured to then transmit the
first power adjustment value from the first node to the second node, wherein the second node is
configured to use the power adjustment value to control its transmission power over the first
wireless communication link.

[133] Fig. 17 shows an exemplary method 1700 of controlling a transmission power of a
wireless communication device that may be used in accordance with illustrative embodiments of
the present disclosure described above. Step 1702 includes Establishing a first wireless
communication link between the first node and a second node. For example, establishing a
wireless communication link between the first node and a second node may include establishing
a communication link between a movable object (e.g., a UAV) and another movable object (e.g.,
another movable object, a handheld object, etc.) or a stationary object. Step 1704 may include
receiving a first power adjustment value from the second node, wherein the first power
adjustment value is determined based on signals transmitted by the first node over the first
wireless communication link. Step 1706 may include determining a transmission power level for
transmitting signals from the first node based on the received first power adjustment value. Step
1708 may include Repeating the process at a predetermined frequency. Steps 1706 and 1708
are shown in Fig. 17 as being surrounded by dashed lines to indicate that these steps are
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optional in the embodiment shown, but would be conducted during situations of one-to-one
communication. Step 1710 may include Establishing a second wireless communication link
between the first node and a third node. Step 1712 may include Receiving a second power
adjustment value from the third node, wherein the second power adjustment value is
determined based on signals transmitted by the first node over the second wireless
communication link. Step 1714 may include Determining a transmission power level based on
the determined power adjustment value. Step 1716 may include Transmitting signals from the
first node using the determined transmission power level. And step 1718 may include Repeating
the process at a predetermined frequency. Some steps in method 1700 may be performed in a
different order, and that method 1700 may include more or fewer steps (such as any method
step described herein above). Method 1700, as with any sequence of steps described in this
disclosure herein above or below, may be repeated, such as to perform an iterative process of
adjusting the transmission power of one or more nodes.

[134] Fig. 18 shows exemplary method of controlling a transmission power of a wireless
communication device that may be used in accordance with illustrative embodiments of the
present disclosure discussed above. Step 1802 may include determining a first block error rate
and a first received signal power level at a first node based on signals transmitted by a second
node over a first wireless communication link. Step 1804 may include obtaining a first power
adjustment value for the second node based on the first block error rate and the first received
power level. Step 1806 may include transmitting the first power adjustment value from the first
node to the second node, wherein the second node is configured to use the power adjustment
value to control its transmission power over the first wireless communication link. Step 1808
may include determining a second block error rate and a second received signal power level at
the first node based on signals transmitted by a third node over a second wireless
communication link. Step 1810 may include obtaining a second power adjustment value for the
third node based on the second block error rate and the second received power level. Step
1812 may include transmitting the second power adjustment value from the first node to the
third node, wherein the third node is configured to use the power adjustment value to control its
transmission power over the second wireless communication link. Step 1814 may include
Repeating the method at a predetermined frequency. It is to be appreciated that method 1800
may include more or fewer steps (such as any method step described herein above). Further,
some steps in method 1800 may be performed in a different order. Method 1800, as with any
sequence of steps described in this disclosure herein above or below, may be repeated, such

as to perform an iterative process of adjusting the transmission power of one or more nodes.
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[135] Those skilled in the art will also recognize the exemplary comparisons in each of the
disclosed embodiments may be performed in equivalent ways, such as for example replacing
“greater than or equal to” comparisons with “greater than,” or vice versa, depending on the
predetermined threshold values being used. Further, it will also be understood that the
exemplary threshold values in the disclosed embodiments may be modified, for example,
replacing any of the exemplary zero values with other reference values, or combined with one or
more other values.

[136] It will be further apparent to those skilled in the art that various other modifications
and variations can be made to the disclosed methods and systems. Other embodiments will be
apparent to those skilled in the art from consideration of the specification and practice of the
disclosed methods and systems. For example, while the disclosed embodiments are described
with reference to an exemplary movable object 10 and second object 26, those skilled in the art
will appreciate the invention may be applicable in other wireless communication systems with
different types of transmitting and receiving nodes. It is intended that the specification and
examples be considered as exemplary only, with a true scope being indicated by the following

claims and their equivalents
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CLAIMS

What is claimed is:

1. A method of controlling a transmission power of a first node configured to communicate
wirelessly with one or more other nodes, the method comprising:

establishing a first wireless communication link between the first node and a
second node;

receiving a first power adjustment value from the second node, wherein the first
power adjustment value is determined based on signals transmitted by
the first node over the first wireless communication link;

determining a transmission power level for transmitting signals from the first node
based on the received first power adjustment value; and

transmitting signals from the first node over the first wireless communication link

using the determined transmission power level.

2. The method of claim 1, wherein the first power adjustment value is determined based on
a block error rate associated with signals transmitted from the first node to the second
node.

3. The method of claim 1, wherein the first power adjustment value is determined based on
the magnitude of the block error rate.

4. The method of claim 1, wherein the first power adjustment value corresponds to an
increase or a decrease of the transmission power of the first node.

5. The method of claim 1, wherein the first power adjustment value is determined based on
a received signal power associated with signals sent from the first node to the second
node.

6. The method of claim 5, wherein the determined first power adjustment value correspond
to a decrease of the transmission power of the first node when the received signal power
exceeds a threshold.
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7. The method of claim 2, wherein the first power adjustment value is selected from a
plurality of predetermined power adjustment values based on the block error rate.

8. The method of claim 7, wherein the plurality of predetermined adjustment values

includes values of varying magnitude.

9. The method of claim 7 wherein the selected predetermined adjustment value increases

in magnitude as the block error rate increases.

10. The method of claim 1, wherein the power adjustment process is repeated at a
predetermined frequency.

11. The method of claim 10, further comprising:
receiving an updated first power adjustment value; and
updating the transmission power level based on the updated first power

adjustment value.

12. The method of claim 1, further including:

establishing a second wireless communication link between the first node and a
third node;

receiving a second power adjustment value from the third node, wherein the
second power adjustment value is determined based on signals
transmitted by the first node over the second wireless communication link;

determining the transmission power level for transmitting signals from the first
node based further on the second power adjustment value; and

transmitting signals from the first node over the second wireless communication

link using the determined transmission power level.

13. The method of claim 12, wherein the method further comprises:
determining a power adjustment value based on the first power adjustment value
received from the second node and the second power adjustment value
received from the third node;
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determining the transmission power level based on the determined power
adjustment value; and
transmitting signals from the first node using the determined transmission power

level.

The method of claim 12, further including repeating the power adjustment process at a
predetermined frequency.

The method of claim 14, wherein the method further comprises:
receiving an updated first power adjustment value from the second node and an
updated second power adjustment value from the third node; and
updating the transmission power level based on the updated first power
adjustment value and the updated second power adjustment value.

The method of claim 12, wherein the first and second power adjustment values are not
equal.

The method of claim 13, wherein the determined power adjustment value is determined
based on a difference between the received first and second power adjustment values.

The method of claim 12, wherein the first and second power adjustment values are
selected from a plurality of predetermined power adjustment values of varying

magnitude.

The method of claim 12, wherein the first power adjustment value is determined based
on a first received signal power associated with signals sent from the first node to the
second node, and the second power adjustment value is determined based on a second

received signal power associated with signals sent from the first node to the third node.

The method of claim 19, further including decreasing the transmission power of the first
node when the first or second received signal power exceeds a threshold.
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21. The method of claim 12, further including decreasing the transmission power level of the
first node when at least one of the first or second power adjustment values corresponds
to a decrease in the transmission power level of the first node.

22. The method of claim 12, further including increasing the transmission power level of the
first node when the first and second power adjustment values correspond to an increase

in the transmission power level of the first node.

23. A communication system that includes a plurality of nodes, the system comprising:
a first node configured to communicate wirelessly with other nodes, the first node
comprising:
a memory having instructions stored therein; and
an electronic control unit comprising a processor configured to execute the
stored instructions to:
establish a wireless communication link between the first node
and a second node;
receive a first power adjustment value from the second node,
wherein the first power adjustment value is determined
based on signals transmitted by the first node over the first
wireless communication link;
determine a transmission power level for transmitting signals to
the second node based on the received first power
adjustment value; and
transmit signals to the second node using the determined

transmission power level.

24. The communication system of claim 23, wherein the first power adjustment value is
determined based on a block error rate associated with signals transmitted from the first
node to the second node.

25. The communication system of claim 23, wherein the first power adjustment value is
determined based on the magnitude of the block error rate.
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The communication system of claim 23, wherein the first power adjustment value

corresponds to an increase or a decrease of the transmission power of the first node.

The communication system of claim 23, wherein the first power adjustment value is
determined based on a received signal power associated with signals sent from the first
node to the second node.

The communication system of claim 27, wherein the first power adjustment value
corresponds to a decrease of the transmission power of the first node when the received

signal power exceeds a threshold.

The communication system of claim 24, wherein the first power adjustment value is
selected from a plurality of predetermined power adjustment values based on the block

error rate.

The communication system of claim 29, wherein the plurality of predetermined power

adjustment values includes values of varying magnitude.

The communication system of claim 29 wherein the processor is configured to execute
the stored instructions to select a larger predetermined power adjustment value as the

block error rate increases.

The communication system of claim 23, wherein the processor is configured to execute
the instructions to repeat the power adjustment process at a predetermined frequency.

The communication system of claim 32, wherein the processor is configured to execute
the instructions to:

receive an updated first power adjustment value; and

update the transmission power level based on the updated first power adjustment

value.

The communication system of claim 23, wherein the processor is configured to execute
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the instructions to:

establish a second wireless communication link between the first node and a
third node;

receive a second power adjustment value from the third node, wherein the
second power adjustment value is determined based on signals
transmitted by the first node over the second wireless communication link;

determine the transmission power level for transmitting signals from the first node
based further on the second power adjustment value; and

transmit signals from the first node over the second wireless communication link

using the determined transmission power level.

35. The communication system of claim 34, wherein the processor is configured to execute
the instructions to:

determine a power adjustment value based on the first power adjustment value
received from the second node and the second power adjustment value
received from the third node;

determine the transmission power level based on the determined power
adjustment value; and

transmit signals from the first node using the determined transmission power

level.

36. The communication system of claim 35, wherein the processor is configured to execute
the instructions to:

repeat the power adjustment process at a predetermined frequency.

37. The communication system of claim 36, wherein the processor is configured to execute
the instructions to:
receive an updated first power adjustment value from the second node and an
updated second power adjustment value from the third node; and
update the transmission power level based on the updated first power adjustment
value and the updated second power adjustment value.

38. The communication system of claim 34, wherein the first and second power adjustment
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values are not equal.

The communication system of claim 34, wherein the determined power adjustment value
is determined based on a difference between the received first and second power

adjustment values.

The communication system of claim 34, wherein the first and second power adjustment
values are selected from a plurality of predetermined power adjustment values of varying

magnitude.

The communication system of claim 34, wherein the first power adjustment value is
determined based on a first received signal power associated with signals sent from the
first node to the second node, and the second power adjustment value is determined
based on a second received signal power associated with signals sent from the first
node to the third node.

The communication system of claim 41, further including decreasing the transmission
power of the first node when the first or second received signal power exceeds a
threshold.

The communication system of claim 34, further including decreasing the transmission
power level of the first node when at least one of the first or second power adjustment
values corresponds to a decrease in the transmission power level of the first node.

The communication system of claim 34, further including increasing the transmission
power level of the first node when the first and second power adjustment values

correspond to an increase in the transmission power level of the first node.

The communication system of claim 23, wherein the first node is associated with a
movable object.

The communication system of claim 34, wherein at least one of the first and second
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nodes is associated with a movable object.

47. A non-transitory computer-readable medium storing instructions, that, when executed,
cause a computer to perform a method of controlling a transmission power of a wireless
communication device, the method comprising:

establishing a first wireless communication link between the first node and a
second node;

receiving a first power adjustment value from the second node, wherein the first
power adjustment value is determined based on signals transmitted by
the first node over the first wireless communication link;

determining a transmission power level for transmitting signals from the first node
based on the received first power adjustment value; and

transmitting signals from the first node over the first wireless communication link

using the determined transmission power level.

48. The non-transitory computer-readable medium of claim 29, wherein the method further
includes:

establishing a second wireless communication link between the first node and a
third node;

receiving a second power adjustment value from the third node, wherein the
second power adjustment value is determined based on signals
transmitted by the first node over the second wireless communication link;

determining the transmission power level for transmitting signals from the first
node based further on the second power adjustment value; and

transmitting signals from the first node over the second wireless communication

link using the determined transmission power level.

49. A method of controlling a transmission power over a wireless communication network,
the method comprising:
determining a first block error rate and a first received signal power level at a first
node based on signals transmitted by a second node over a first wireless

communication link;
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obtaining a first power adjustment value for the second node based on the first
block error rate and the first received power level; and

transmitting the first power adjustment value from the first node to the second
node, wherein the second node is configured to use the power
adjustment value to control its transmission power over the first wireless

communication link.

The method of claim 49, wherein the first power adjustment value is determined based
on the magnitude of the first block error rate.

The method of claim 49, wherein the first power adjustment value corresponds to an
increase or a decrease of the transmission power of the second node.

The method of claim 49, wherein the first power adjustment value correspond to a
decrease of the transmission power of the second node when the first received signal
power exceeds a threshold.

The method of claim 49, wherein the first power adjustment value is selected from a
plurality of predetermined power adjustment values based on the first block error rate.

The method of claim 53, wherein the plurality of predetermined adjustment values

includes values of varying magnitude.

The method of claim 53, wherein the selected first power adjustment value increases in
magnitude as the first block error rate increases.

The method of claim 49, wherein the method is repeated at a predetermined frequency.

The method of claim 49, further including:
determining a second block error rate and a second received signal power level
at the first node based on signals transmitted by a third node over a

second wireless communication link;
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obtaining a second power adjustment value for the third node based on the
second block error rate and the second received power level; and

transmitting the second power adjustment value from the first node to the third
node, wherein the third node is configured to use the power adjustment
value to control its transmission power over the second wireless

communication link.

The method of claim 57, wherein the first and second power adjustment values are
different values.

The method of claim 57, wherein the first and second power adjustment values are
determined independently of each other.

The method of claim 57, wherein the second power adjustment value is determined
based on the magnitude of the second block error rate.

The method of claim 57, wherein the second power adjustment value corresponds to an
increase or a decrease of the transmission power of the third node.

The method of claim 57, wherein the second power adjustment value correspond to a
decrease of the transmission power of the third node when the second received signal
power exceeds a threshold.

The method of claim 57, wherein the second power adjustment value is selected from a
plurality of predetermined power adjustment values based on the second block error rate.
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The method of claim 63, wherein the plurality of predetermined adjustment values

includes values of varying magnitude.

The method of claim 63, wherein the second power adjustment value increases in
magnitude as the second block error rate increases.

The method of claim 57, wherein the first and second power adjustment values are
obtained to reduce a difference between the first and second received signal powers.

The method of claim 57, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of at least one of the second and
third nodes, respectively.

The method of claim 57, wherein the obtained first and second power adjustment values
correspond to a decrease in the transmission power of at least one of the second and
third nodes, respectively.

The method of claim 57, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of one of the second and third
nodes and a decrease in the transmission power of the other of the second and third
nodes.

The method of claim 57, wherein the first and second power adjustment values are
obtained based on a background noise level.

The method of claim 70, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of one or both of the second and
third nodes, respectively.

The method of claim 70, wherein the obtained first and second power adjustment values
correspond to a decrease in the transmission power of one or both of the second and
third nodes, respectively.
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The method of claim 70, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of one of the second and third
nodes and a decrease in the transmission power of the other of the second and third
nodes.

The method of claim 57, wherein the first and second power adjustment values are
obtained based on a background noise level and to reduce a difference between the first
and second received signal powers.

The method of claim 74, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of one or both of the second and
third nodes, respectively.

The method of claim 74, wherein the obtained first and second power adjustment values
correspond to a decrease in the transmission power of one or both of the second and
third nodes, respectively.

The method of claim 74, wherein the obtained first and second power adjustment values
correspond to an increase in the transmission power of one of the second and third
nodes and a decrease in the transmission power of the other of the second and third
nodes.

The method of claim 57, wherein the method is repeated at a predetermined frequency.

A communication system that includes a plurality of nodes, the system, comprising:
a first node configured to communicate wirelessly with other nodes, the first node
comprising:
a memory having instructions stored therein; and
an electronic control unit comprising a processor configured to execute the

stored instructions to:
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determine a first block error rate and a first received signal power
level at a first node based on signals transmitted by a
second node over a first wireless communication link;

obtain a first power adjustment value for the second node based
on the first block error rate and the first received power
level; and

transmit the first power adjustment value from the first node to the
second node, wherein the second node is configured to
use the power adjustment value to control its transmission

power over the first wireless communication link.

The communication system of claim 79, wherein the first power adjustment value is

determined based on the magnitude of the first block error rate.

The communication system of claim 79, wherein the first power adjustment value

corresponds to an increase or a decrease of the transmission power of the second node.

The communication system of claim 79, wherein the first power adjustment value
correspond to a decrease of the transmission power of the second node when the first

received signal power exceeds a threshold.

The communication system of claim 79, wherein the first power adjustment value is
selected from a plurality of predetermined power adjustment values based on the first
block error rate.

The communication system of claim 83, wherein the plurality of predetermined

adjustment values includes values of varying magnitude.

The communication system of claim 83, wherein the selected first power adjustment

value increases in magnitude as the first block error rate increases.

The communication system of claim 79, wherein the method is repeated at a
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predetermined frequency.

87.  The communication system of claim 79, further including:

determining a second block error rate and a second received signal power level
at the first node based on signals transmitted by a third node over the
wireless communication link;

obtaining a second power adjustment value for the third node based on the
second block error rate and the second received power level; and

transmitting the second power adjustment value from the first node to the third
node, wherein the third node is configured to use the power adjustment
value to control its transmission power over a second wireless

communication link.

88. The communication system of claim 87, wherein the first and second power adjustment

values are different values.

89. The communication system of claim 87, wherein the first and second power adjustment
values are determined independently of each other.

90. The communication system of claim 87, wherein the second power adjustment value is
determined based on the magnitude of the second block error rate.

91. The communication system of claim 87, wherein the second power adjustment value
corresponds to an increase or a decrease of the transmission power of the third node.
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92. The communication system of claim 87, wherein the second power adjustment value
correspond to a decrease of the transmission power of the third node when the second
received signal power exceeds a threshold.

93. The communication system of claim 87, wherein the second power adjustment value is
selected from a plurality of predetermined power adjustment values based on the
second block error rate.

94. The communication system of claim 93, wherein the plurality of predetermined

adjustment values includes values of varying magnitude.

95. The communication system of claim 93, wherein the second power adjustment value

increases in magnitude as the second block error rate increases.

96. The communication system of claim 87, wherein the method is repeated at a
predetermined frequency.

97. The communication system of claim 87, wherein the first and second power adjustment
values are obtained to reduce a difference between the first and second received signal

powers.

98. The communication system of claim 97, wherein the obtained first and second power
adjustment values correspond to an increase in the transmission power of at least one of

the second and third nodes, respectively.

99. The communication system of claim 97, wherein the obtained first and second power
adjustment values correspond to a decrease in the transmission power of at least one of

the second and third nodes, respectively.

100. The communication system of claim 97, wherein the obtained first and second power
adjustment values correspond to an increase in the transmission power of one of the

second and third nodes and a decrease in the transmission power of the other of the
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101.

102.

103.

104.

105.

106.

107.

108.

second and third nodes.

The communication system of claim 87, wherein the first and second power adjustment
values are obtained based on a background noise level.

The communication system of claim 101, wherein the obtained first and second power
adjustment values correspond to an increase in the transmission power of one or both of

the second and third nodes, respectively.

The communication system of claim 101, wherein the obtained first and second power
adjustment values correspond to a decrease in the transmission power of one or both of
the second and third nodes, respectively.

The communication system of claim 101, wherein the obtained first and second power
adjustment values correspond to an increase in the transmission power of one of the
second and third nodes and a decrease in the transmission power of the other of the

second and third nodes.

The communication system of claim 87, wherein the first and second power adjustment
values are obtained based on a background noise level and to reduce a difference
between the first and second received signal powers.

The communication system of claim 105, wherein the obtained first and second power
adjustment values correspond to an increase in the transmission power of one or both of

the second and third nodes, respectively.

The communication system of claim 105, wherein the obtained first and second power
adjustment values correspond to a decrease in the transmission power of one or both of
the second and third nodes, respectively.

The communication system of claim 105, wherein the obtained first and second power

adjustment values correspond to an increase in the transmission power of one of the
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second and third nodes and a decrease in the transmission power of the other of the
second and third nodes.

109. The communication system of claim 79, wherein at least one of the first and second
nodes is associated with a movable object.

110.  The communication system of claim 87, wherein at least one of the first, second, and
third nodes is associated with a movable object.

111. A non-transitory computer-readable medium storing instructions, that, when executed,
cause a computer to perform a method of controlling a transmission power of a wireless
communication device, the method comprising:

determining a first block error rate and a first received signal power level at a first
node based on signals transmitted by a second node over the a first
wireless communication link;

obtaining a first power adjustment value for the second node based on the first
block error rate and the first received power level; and

transmitting the first power adjustment value from the first node to the second
node, wherein the second node is configured to use the power
adjustment value to control its transmission power over the first wireless

communication link.

112.  The non-transitory computer-readable medium of claim 111, wherein the method further
comprises:

determining a second block error rate and a second received signal power level
at the first node based on signals transmitted by a third node over a
second wireless communication link;

obtaining a second power adjustment value for the third node based on the
second block error rate and the second received power level; and

transmitting the second power adjustment value from the first node to the third
node, wherein the third node is configured to use the power adjustment
value to control its transmission power over the second wireless

communication link.
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113. A communication system that includes a plurality of nodes, the system comprising:
a first node configured to communicate wirelessly with other nodes, the first node
comprising:
a memory having instructions stored therein; and
an electronic control unit comprising a processor configured to execute the
stored instructions to:

establish a wireless communication link between the first node
and a second node;

receive a first power adjustment value from the second node,
wherein the first power adjustment value is determined
based on signals transmitted by the first node over the first
wireless communication link;

determine a transmission power level for transmitting signals to
the second node based on the received first power
adjustment value;

transmit signals to the second node using the determined
transmission power level;

determine a first block error rate and a first received signal power
level at the first node based on signals transmitted by the
second node over the first wireless communication link;

obtain a first power adjustment value for the second node based
on the first block error rate and the first received power
level; and

transmit the first power adjustment value from the first node to the
second node, wherein the second node is configured to
use the power adjustment value to control its transmission

power over the first wireless communication link.
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Establishing a first wireless communication link between the first node and a second |"~—-1702
node.
Receiving a first power adjustment value from the second node, wherein the first
power adjustment value is determined based on signals transmitted by the first node [~—~—1704
over the first wireless communication link.
l """"""""""""""""""" :
i Determining a transmission power level for transmitting signals from the first node 1706
! based on the received first power adjustment value. !
L o o o e e e e e e e e R R M e e e M e e Em e M e e M E e e e e e e e e e e 1
. U .
1
: Repeating the process at a predetermined frequency. I ~— 1708
___________________________________________________________________________ .|
Establishing a second wireless communication link between the first node and a third
8 ——1710
node.
Receiving a second power adjustment value from the third node, wherein the second
power adjustment value is determined based on signals transmitted by the first node |—~_.1712
over the second wireless communication link.
Determining a transmission power level based on the determined power adjustment
value. ~~— 1714
Transmitting signals from the first node using the determined transmission power
level.  ~—1716
Repeating the process at a predetermined frequency. ~~—1718

1700

FIG. 17
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Determining a first block error rate and a first received signal power level at a
first node based on signals transmitted by a second node over a first wireless
communication link.

——~— 1802

l

Obtaining a first power adjustment value for the second node based on the
first block error rate and the first received power level.

——~— 1804

I

Transmitting the first power adjustment value from the first node to the
second node, wherein the second node is configured to use the power
adjustment value to control its transmission power over the first wireless

——~— 1806

communication link.

Determining a second block error rate and a second received signal power
level at the first node based on signals transmitted by a third node over a

—~— 1808

second wireless communication link.

Obtaining a second power adjustment value for the third node based on the
second block error rate and the second received power level.

—~— 1810

l

Transmitting the second power adjustment value from the first node to the
third node, wherein the third node is configured to use the power
adjustment value to control its transmission power over the second wireless

—~—1812

communication link.

Repeating the method at a predetermined frequency.

—— 1814

1800

FIG. 18
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