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Title: TRANSMISSION POWER CONTROL

(57) Abstract: In some examples, an electronic device comprises a wireless transceiver to transmit a packet and a processor coupled
to the wireless transceiver. The processor is to update a running average of a radiation level over a time period. The running average is
based on a quantity of packets transmitted by the wireless transceiver during the time period and a radiation level associated with the
quantity of packets. The processor is to determine whether the running average exceeds a threshold and to control transmission power
for the packet based on the determination and based on a destination of the packet.
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TRANSMISSION POWER CONTROL

BACKGROUND

[0001] Excess energy radiation can harm living things. Accordingly, the energy
radiated by electronic devices operating in close proximity to a human body
should not exceed specified limits. Electronic devices that are able to transmit or
receive radio frequency (RF) signals are subject to government regulations
prescribing energy radiation limits. To satisfy the regulations, an electronic device
(e.g., notebooks, laptops, tablets, smartphones, wearable electronic devices, or
other mobile devices able to transmit or receive RF signals) may monitor
transmissions of packets to determine whether an energy (e.g., radiation level)
emitted by the electronic device exceeds a limit. In response to the radiation level
exceeding the limit, the electronic device may reduce an average transmission
power to reduce the radiation level.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Various examples are described below referring to the following figures:
[0003] FIG. 1 depicts a schematic diagram of a system comprising an electronic
device capable of controlling transmission power, in accordance with various
examples;
[0004] FIG. 2 depicts a schematic diagram of an electronic device for controlling
transmission power in accordance with various examples;
[0005] FIG. 3 is a timing diagram depicting the control of transmission power by
an electronic device in accordance with various examples;
[0006] FIG. 4 depicts a schematic diagram of an electronic device for controlling
transmission power in accordance with various examples;
[0007] FIG. 5 depicts a schematic diagram of an electronic device for controlling
transmission power in accordance with various examples; and
[0008] FIG. 6 depicts a schematic diagram of an electronic device for controlling

transmission power in accordance with various examples.
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DETAILED DESCRIPTION

[0009] As mentioned above, government regulations set limits on radiation
levels that electronic devices may emit. For example, a specific absorption rate
(SAR) is a rate at which energy is absorbed by a human body per unit mass
(watts/kilogram (W/kg)), and a regulation may specify a maximum SAR for an
electronic device. To determine whether a radiation level emitted by an electronic
device exceeds the limit, the electronic device may measure parameters wireless
transceiver while the wireless transceiver transmits packets. Measured
parameters may include a maximum power output of the wireless transceiver, an
actual power output (e.g., the power output over a period of time) of the wireless
transceiver, and/or an estimated power output based on a received signal
strength indicator (RSSI). The electronic device may utilize the measurements to
calculate, or estimate, a radiation level. In response to the radiation level
exceeding the threshold, the electronic device may control the transmissions to
reduce the radiation level emitted by the electronic device. For example, the
electronic device may reduce a transmission power to reduce the radiation level.
However, a uniform reduction of the transmission power may result in reduced
communications performance and diminished user satisfaction.

[0010] This disclosure describes an electronic device that uses a time averaged
SAR calculation in conjunction with a priority of a packet to ensure a radiation
level of the electronic device remains below a target limit, for example, a limit
prescribed by the government. The time averaged SAR calculation is a
measurement of a radiation exposure of a user of the electronic device over a
time period. More specifically, the time averaged SAR calculation is a running
average of a radiation level that is based on a quantity of packets transmitted by
the wireless transceiver during a time period and based on radiation levels
associated with the quantity of packets. The time period may be any suitable
duration of time. For example, the time period may match a duration of time
associated with SAR measurements (e.g., six minutes). In another example, the
time period may match a duration of time to transmit a number of related packets.

In other examples, other durations of time may be used.
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[0011] In response to the running average exceeding a first threshold (e.g., a
product of the target limit multiplied by a multiplier), the electronic device reduces
a transmission power for a packet based on a priority of the packet. The packet is
a signal comprising data that is organized in a specific, predetermined manner.
The data may include an identifier of the electronic device that transmitted the
packet, an identifier of an intended recipient of the packet, data (e.g., a payload)
to be transferred between the electronic device and the intended recipient, a
number of related packets to be transferred, a size of the packet, an identifier of
the packet, an identifier of the related packets, or some combination thereof, for
example. As used herein, related packets are a number of packets to transmit a
type of information. The type of information may be related to an application (e.g.,
set of related computer-readable instructions for performing a task) installed on
the electronic device. For instance, the application may be an email application, a
web browser, or a video streaming service. The priority of the packet may be
based on a physical layer specification, an Internet Protocol (IP) layer
specification, an application layer specification, a user-defined specification, or
some combination thereof.

[0012] A physical layer of a packet may indicate whether a packet is a
management packet that maintains a network connection or a data packet that is
to traverse the network connection toward a destination device. In some
examples, the physical layer specification may assign a management packet a
higher priority than a data packet. In other examples, the physical layer
specification may prioritize a data packet ahead of a management packet.

[0013] An Internet Protocol (IP) layer of a packet may include an IP address that
indicates an origin of the packet, an IP address that indicates a destination of the
packet, or some combination thereof. In some examples, the IP layer
specification may assign a packet having a first destination a higher priority than a
packet having a second destination. For example, the IP layer specification may
assign a packet having a destination that matches an IP address associated with
a local area network (LAN) a higher priority than a packet having a destination
that matches an IP address associated with a wide area network (WAN). The

LAN may be a network comprising connected devices within a location (e.g.,
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building, campus), for example. The WAN may be the Internet or a private
network associated with an organization (e.g., business entity, school entity), for
example.

[0014] An application layer of a packet may associate the packet with an
application installed on the electronic device. In various examples, the application
layer specification may assign a packet associated with a first application a higher
priority than a packet associated with a second application. In other examples,
the application layer specification may assign a packet associated with a third
application a higher priority than the packet associated with the first application
and ahead of the packet associated with the second application.

[0015] A user-defined specification may associate a packet with a priority based
on user preferences. The user preferences may be installed at manufacture,
determined by a user having a security access to the electronic device,
determined by a user having access to the electronic device, or some
combination thereof. The user preferences may be based on a quality of service
preference. The quality of service preference may be assigned based on which
applications the user utilizes most often, based on which applications utilize the
most resources of the electronic device, or some other user-defined preference.
For example, a user may assign a video streaming application a higher priority
than an email application. In another example, a user may assign a word
processing application a higher priority than an email application.

[0016] In some examples, in response to the running average exceeding a
second threshold (e.g., a product of the target limit multiplied by another multiplier
of the target limit), the electronic device reduces the transmission power
regardless of the priority of a packet. In other examples, in response to the
running average falling below a third threshold (e.g., a product of the target limit
multiplied by yet another multiplier), the electronic device may increase the
transmission power based on a priority of the packet. In some examples, a value
of the third threshold may match a value of the first threshold. In other examples,
a value of the third threshold may be between a value of the first threshold and a
value of the second threshold. In yet other examples, a value of the third

threshold may be higher than the values of the first and the second thresholds.
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Reducing or increasing a transmission power may be accomplished by reducing
or increasing a power level of the wireless transceiver or by adding or removing a
delay time before transmission of the packet, for example. By utilizing a time
averaged SAR calculation in conjunction with a priority of a packet, the electronic
device may perform real-time control of radiation levels and optimize
communications performance to enhance user satisfaction.

[0017] In one example in accordance with the present disclosure, an electronic
device capable of controlling transmission power is provided. The electronic
device comprises a wireless transceiver to transmit a packet and a processor
coupled to the wireless transceiver. The processor updates a running average of
a radiation level over a time period. The running average is based on a quantity of
packets transmitted by the wireless transceiver during the time period and based
on radiation levels associated with the quantity of packets. The processor
determines whether the running average exceeds a threshold and controls
transmission power for the packet based on the determination and based on a
destination of the packet.

[0018] In another example in accordance with the present disclosure, an
electronic device capable of controlling transmission power is provided. The
electronic device comprises a wireless transceiver to transmit a packet and a
processor coupled to the wireless transceiver. The processor updates a running
average of a radiation level over a time period. The running average is based on
a quantity of packets transmitted during the time period and based on radiation
levels associated with the quantity of packets. The processor sets transmission
power for the packet to a first power level when the running average exceeds a
first threshold and to a second power level when the running average exceeds a
second threshold, where the second power level is based on a physical layer of
the packet.

[0019] In yet another example in accordance with the present disclosure, a
method for controlling transmission power is provided. The method, when
executed by a processor of an electronic device, causes the processor to update
a running average of a radiation level over a time period. The running average is

based on a quantity of packets transmitted during the time period and based on
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radiation levels associated with the quantity of packets. The method causes the
process to determine whether the running average exceeds a threshold and to
control transmission power for a packet based on the determination and based on
a priority associated with a physical layer of the packet.

[0020] Referring now to FIG. 1, a schematic diagram of a system 100
comprising an electronic device 102 capable of controlling transmission power is
depicted, in accordance with various examples. The system 100 comprises the
electronic device 102 and a wireless communication system 114. The electronic
device 102 may be a notebook, laptop, tablet, smartphone, wearable electronic
device, or other mobile device able to transmit or receive RF signals, for example.
The wireless communication system 114 may be a network system for a signal
112 to traverse toward a destination IP address or may be the network system
comprising the destination IP address. The destination |IP address may belong to
another electronic device or an electronic device coupled to a LAN or WAN via a
cable, for example. Such an electronic device may be a docking station, a
modem, a router, or a printing device, for example. The signal 112 is
communicated between the electronic device 102 and the wireless
communication system 114. The signal 112 may be a packet transmitted from the
electronic device 102 to the wireless communication system 114, for example. In
another example, the signal 112 may be a signal received by the electronic
device 102 from the wireless communication system 114.

[0021] In various examples, the electronic device 102 comprises a wireless
transceiver 110, a storage device 106, and a processor 104 coupled to the
wireless transceiver 110 and to the storage device 106. The wireless transceiver
110 transmits and receives signals. The wireless transceiver 110 may transmit or
receive the signal 112, for example. The storage device 106 may include a hard
drive, solid state drive (SSD), flash memory, random access memory (RAM), or
other suitable memory, for example. The processor 104 may be a
microprocessor, a microcomputer, a microcontroller, a programmable integrated
circuit, a programmable gate array, or another suitable controller, for example. In
some examples, the storage device 106 may store computer-readable

instructions 108. The computer-readable instructions 108, when executed by the
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processor 104, may cause the processor 104 to perform some or all of the
actions attributed herein to the processor 104.

[0022] In various examples, and as described above, the processor 104
calculates a time averaged SAR to ensure that a radiation level of the electronic
device 102 remains below a target limit, such as a government-prescribed limit.
The processor 104 monitors for a packet that is to be transmitted. For example,
the processor 104 may receive an indication from an application that an email
message is to be sent. In another example, the processor 104 may monitor the
wireless transceiver 110 for a transmission. In response to a determination that a
packet is to be transmitted, the processor 104 may take a measurement of the
wireless transceiver 110. As described above, the aforementioned parameter
measurements of the wireless transceiver may include a maximum power output,
an actual power output, an estimated power output based on a received signal
strength indicator (RSSI), or a combination thereof, for example. The maximum
power output is a maximum power output of the wireless transceiver. The actual
power output is a measured power output during a duration of time. The duration
of time may match a duration of time for a packet transmission, for example. In
another example, the duration of time may match a duration of time for the
transmission of a number of related packets. In yet another example, the duration
of time may be any predefined time period. The RSSI represents a power level of
a packet received by the transceiver. In an example, to determine the estimated
power output, the RSSI may be compared to a data structure that maps the RSSI
to a corresponding power output of the wireless transceiver. As used herein, a
data structure is an object that stores data for cross-referencing (e.g., linked list,
lookup table, database).

[0023] In some examples, the processor 104 may utilize the measurement to
calculate a time averaged SAR. As described above, the running average of the
radiation level is based on a number of packets transmitted by the wireless
transceiver 110 during a time period and on radiation levels associated with the
number of packets. For example, the processor 104 may sum the measurement
with a number of previous measurements to obtain a first result. The number of

previous measurements may match a number of previous transmissions during
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the time period, in various examples. As described above, the time period may be
any duration of time. For example, in response to the time period being six
minutes, the processor 104 may sum the measurement with previous
measurements associated with transmissions occurring during the previous six
minutes. The processor 104 may add one to the number of previous
measurements to obtain a second result. The processor 104 may divide the first
result by the second result to obtain the running average.

[0024] In response to the time averaged SAR exceeding a threshold, the
processor 104 may control a transmission power of the wireless transceiver 110
to reduce the radiation level emitted by the electronic device 102. As described
above, the threshold may be determined by calculating a product of the target
limit multiplied by a multiplier. To control the transmission power, the processor
104 may cause electronic components of the electronic device 102 to perform
any suitable analog or digital logic operations that result in a reduction of
transmission power. The electronic components may be part of or coupled to the
wireless transceiver 110, for example. The electronic components may include
electronic hardware in the form of integrated circuits, in some examples. In
various examples, the integrated circuits may include both hardware and
computer-readable instructions.

[0025] By controlling the transmission power based on a time averaged SAR
exceeding a threshold, the processor 104 may reduce a radiation level to which a
user is exposed without relying on a proximity sensor to detect a presence of the
user. Controlling the transmission power may include setting the transmission
power to a higher power level, setting the transmission power to a lower power
level, adding a delay time before transmission of the packet, removing a delay
time before transmission of the packet, or some combination thereof. In some
examples, controlling the transmission power may include determining that the
transmission power should remain at a current level. Instead of relying on a
proximity sensor, the presence of the user may be assumed based on a number
of packets being transmitted, for example. In some examples, control of the
transmission power may be triggered when the number of packets being

transmitted exceeds a predetermined level. For example, in response to the
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electronic device 102 transmitting data more than 25% of a predefined duration of
time, control of the transmission power may be triggered. In another example,
control of the transmission power may be triggered in response to the electronic
device 102 exiting a low-power state (e.g., sleep, power off).

[0026] Referring now to FIG. 2, a schematic diagram of the electronic device
102 for controlling transmission power is depicted, in accordance with various
examples. As described above with respect to FIG. 1, the electronic device 102
comprises the wireless transceiver 110, the storage device 106, and the
processor 104 coupled to the wireless transceiver 110 and to the storage device
106. The storage device 106 may store computer-readable instructions 200, 202,
and 204. The computer-readable instructions 200, 202, 204 may be the
computer-readable instructions 108, for example.

[0027] In various examples, when executed by the processor 104, the
computer-readable instructions 200, 202, 204 cause the electronic device 102 to
control transmission power. For example, execution of the computer-readable
instruction 200 may cause the processor 104 to update a running average of a
radiation level over a time period. The time period may be referred to herein as a
first time period. As described above with respect to FIG. 1, the running average
is based on a quantity of packets transmitted by the wireless transceiver 110
during the time period and on radiation levels associated with the quantity of
packets. Execution of the computer-readable instruction 202 may cause the
processor 104 to determine whether the running average exceeds a threshold.
The threshold may be referred to as a first threshold. Execution of the computer-
readable instruction 204 may cause the processor 104 to control transmission
power for the packet based on the determination and based on a destination of
the packet. The packet may be referred to as a first packet. In various examples,
the processor 104 may set the transmission power to a higher power level or a
lower power level based on the determination and based on the destination of the
packet.

[0028] As described above, the destination of the packet may be determined by
an IP layer associated with the packet. In various examples, the processor 104

controls transmission power for the packet based on a priority associated with the
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destination of the packet. As described above, an IP layer specification may
assign a packet having a first IP destination a higher priority than a packet having
a second IP destination. For example, the IP layer specification may assign a
higher priority to a packet having an IP destination that matches an IP address of
a computing device associated with a LAN and a lower priority to a packet having
an IP destination that matches an IP address associated with a WAN. In another
example, the IP layer specification may assign a higher priority to a packet having
an IP destination associated with a first domain of a WAN and a lower priority to a
packet having an IP destination associated with a second domain of the WAN. In
yet another example, the IP layer specification may assign a higher priority to a
packet having an IP destination associated with a domain of a first WAN and a
lower priority to a packet having an IP destination associated with a domain of a
second WAN.

[0029] An IP layer specification may be implemented as a data structure (not
expressly shown) stored on the storage device 106, in some examples. The data
structure of the IP layer specification may include destinations and associated
priorities, for example. The processor 104 may compare the destination of the
packet to data of the data structure to determine a priority of the packet in various
examples. In response to the processor 104 determining that the priority of the
packet falls below a priority level, the processor 104 may reduce the transmission
power. The priority level may be any predetermined value. For example, priorities
may be defined as “high,” “medium,” and “low,” and the priority level may equal
‘medium.” In response to the processor 104 determining that a priority of the
packet is “low,” the processor 104 may reduce the transmission power. In another
example, priorities may be defined using numerical values where “1” is a high
value and “5” is a low value, and the priority level may equal “2.” In response to
the processor 104 determining that the priority of the packet is “3,” the processor
104 may reduce the transmission power.

[0030] In some examples, in response to the processor 104 determining that the
priority of the packet matches or exceeds a priority level, the processor 104 may
increase the transmission power. In other examples, in response to the processor

104 determining that the priority of the packet matches or exceeds a priority level
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and determining that the running average has not exceeded the threshold for a
predetermined length of time, the processor 104 may increase the transmission
power. In an example, a priority of “1” is a high value and “5” is a low value, the
priority level equals “2,” and a predetermined length of time equals twenty
minutes. In response to the processor 104 determining that the priority of the
packet is “1” and determining that the running average has not exceeded the
threshold for twenty-one minutes, the processor 104 may increase the
transmission power.

[0031] In further examples, the processor 104 may determine a physical layer of
the packet to determine a power level to which to set the transmission power. As
described above, the physical layer of a packet may indicate whether a packet is
a management packet that maintains a network connection or a data packet that
is to traverse the network connection toward a destination device. In an example,
in response to the processor 104 determining that the destination of the packet
matches an IP address of a LAN and that the physical layer of the packet
indicates a management packet, the processor 104 may set the transmission
power to a maximum power output. In response to the processor 104 determining
that the destination of the packet matches an IP address of a WAN and
determining that the physical layer of the packet indicates a data packet, the
processor 104 may set the transmission power to a lower power level based on
the destination of the packet matching a destination of an IP address of the WAN.
In response to the processor 104 determining that the physical layer of the packet
indicates a data packet, the processor 104 may set the transmission power to
another lower power level based on the destination of the packet matching a
destination of an IP address associated with the Internet.

[0032] In various examples, a data structure (not expressly depicted)
comprising priorities and associated transmission powers may be stored on the
storage device 106. As described above, the priorities may be based on a
physical layer specification, an IP layer specification, an application layer
specification, a user-defined specification, or some combination thereof. In
response to the processor 104 determining a priority of the packet, the processor

104 may set the transmission power based on the associated transmission power
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in the data structure. In some examples, priorities may have multiple associated
transmission powers. Each transmission power of the multiple transmission
powers may be associated with a different threshold, for example. For example, a
priority may have a first transmission power associated with a first threshold, a
second transmission power associated with a second threshold, a third
transmission power associated with a third threshold, etc. In response to the
processor 104 determining a priority of the packet and determining which
threshold has been crossed, the processor 104 may set the transmission power
based on the associated transmission power in the data structure.

[0033] In further examples, the processor 104 may update the running average
over a second time period. In some examples, the processor 104 may make a
second determination as to whether the running average, updated over the
second time period, exceeds a second threshold. The processor 104 may control
transmission power for a second packet based on the second determination. In
various examples, a value of the second threshold may be less than a value of
the first threshold. For example, if the electronic device 102 is not to exceed a
target limit associated with 8 decibel-milliwatts (dBm), the first threshold may
equal 10 dBm and the second threshold may equal 8 dBm. In response to the
running average of the first time period exceeding the 10 dBm first threshold, the
processor 104 may set a transmission power based on a destination of the first
packet. For example, the processor 104 may set the transmission power to a
maximum power output of 14 dBm based on the destination of the first packet
matching an |IP address associated with a LAN. In another example, the
processor 104 may set the transmission power to 12 dBm based on the
destination of the first packet matching an IP address associated with a WAN. In
response to a running average of a second time period exceeding the 8 dBm
second threshold, the processor 104 may set the transmission power for a
second packet to 8 dBm, for example.

[0034] In other examples, the processor 104 may make a second determination
as to whether the running average, updated over the second time period, is below
the threshold. The processor 104 may control transmission power for a second

packet based on the second determination. For example, if the electronic
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device 102 is not to exceed a target limit associated with 10 dBm, the threshold
may equal 10 dBm. In response to a running average of a first time period
exceeding the 10 dBm threshold, the processor 104 may set a transmission
power based on a destination of the first packet. In an example, the processor
104 may set the transmission power to a maximum power output of 12 dBm
based on the destination of the first packet matching an IP address of a LAN. In
another example, the processor 104 may set the transmission power to 10 dBm
based on the destination of the first packet matching an IP address of the
Internet. In response to a running average of a second time period not exceeding
the 10 dBm threshold, the processor 104 may set the transmission power for a
second packet to the maximum power output of 12 dBm.

[0035] In yet other examples, the processor 104 may make a second
determination as to whether the running average, updated over the second time
period, exceeds the threshold. The processor 104 may control transmission
power for a second packet based on the second determination and based on a
destination of the second packet in instances where the destination of the second
packet differs from the destination of the first packet. For example, if the
electronic device 102 is not to exceed a target limit associated with 8 dBm, the
threshold may equal 8 dBm. In response to a running average of a first time
period exceeding the 8 dBm threshold, the processor 104 may set a transmission
power based on a destination of the first packet. In an example, in response to
the destination of the first packet matching an IP address of a computing device
of a LAN, the processor 104 may set the transmission power to a maximum
power output of 12 dBm. In response to a running average of a second time
period exceeding the 8 dBm threshold and a destination of the second packet
matching an IP address of the Internet, the processor 104 may set the
transmission power for a second packet to a power output of 7 dBm.

[0036] Referring now to FIG. 3, a timing diagram 300 depicting the control of
transmission power by an electronic device is presented, in accordance with
various examples. The electronic device may be the electronic device 102, for
example. An x-axis of the timing diagram 300 is a time in minutes (min). A y-axis

of the timing diagram 300 is a transmission (TX) power in decibel-milliwatts
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(dBm). A line 308 may represent a first threshold. A line 310 may represent a
second threshold. A waveform 312 may represent a waveform of a first packet
type having a first physical layer, a first IP layer, a first application layer, or some
combination thereof. For example, the waveform 312 may be the waveform of a
packet having a physical layer associated with a management packet. A
waveform 314 may represent a waveform of a second packet type having a
second physical layer, a second IP layer, a second application layer, or some
combination thereof. For example, the waveform 314 may be the waveform of a
packet having a physical layer associated with a data packet. A waveform 316
may represent a running average of a measurement of the wireless transceiver.
The wireless transceiver may be the wireless transceiver 110, for example.

[0037] Referring to the lines 308, 310 and the waveforms 312, 314, 316 of FIG.
3 along with FIG. 2, in operation, during a first time period 302, the processor 104
may determine that a running average is below the first threshold, as indicated by
the waveform 316 having lower values than values of line 308. In response to the
running average being below the first threshold, the processor 104 may control
the transmission power by allowing the power level to remain the same for all
packets, as indicated by the peaks of the waveform 312 and the peaks of the
waveform 314 having values of approximately 24 dBm.

[0038] At a boundary of the first time period 302 and a second time period 304,
the waveform 316 rises above the line 308. In response to the waveform 316 of
the running average exceeding the line 308 of the first threshold, the processor
104 reduces the transmission power for the second packet type, as indicated by
the peaks of the waveform 314 having values of approximately 12 dBm.
Reducing the transmission power for the second packet type decreases the
running average so that it is below the first threshold. At a boundary of the second
time period 304 and a third time period 306, the waveform 316 rises above the
line 310. In response to the waveform 316 of the running average exceeding the
line 310 of the second threshold, the processor 104 reduces the transmission
power for the first and the second packet types, as indicated by the peaks of the

waveforms 312, 314 having values of approximately 10 dBm. Reducing the
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transmission power for the first and the second packet types decreases the
running average so that it is below the second threshold.

[0039] Referring now to FIG. 4, a schematic diagram of the electronic device
102 for controlling transmission power is presented, in accordance with various
examples. As described above with respect to FIGS. 1 and 2, the electronic
device 102 comprises the wireless transceiver 110, the storage device 106, and
the processor 104 coupled to the wireless transceiver 110 and to the storage
device 106. The storage device 106 may store computer-readable instructions
400 and 402. The computer-readable instructions 400, 402 may be the computer-
readable instructions 108, for example.

[0040] In various examples, when executed by the processor 104, the
computer-readable instructions 400, 402 cause the processor 104 to control
transmission power. For example, execution of the computer-readable instruction
400 may cause the processor 104 to update a running average of a radiation
level over a time period. The time period may be referred to herein as a first time
period. Execution of the computer-readable instruction 402 may cause the
processor 104 to set transmission power for the packet to a first power when the
running average exceeds a first threshold and to a second power level when the
running average exceeds a second threshold, where the second power level is
based on a physical layer of the packet.

[0041] Referring briefly to the lines 308, 310 and the waveforms 312, 314, 316
of FIG. 3 along with FIG. 4, in some examples, the line 310 may represent the
first threshold; the line 308 may represent the second threshold; the waveform
312 may represent a signal having a physical layer associated with a
management packet; and the waveform 314 may represent a signal having a
physical layer associated with a data packet. In response to the waveform 316
exceeding the line 310, the processor 104 sets the transmission power to
approximately 10 dBm, as indicated by the peaks of the waveforms 312, 314
having values of approximately 10 dBm. In response to the waveform 316
exceeding the line 308, the processor 104 sets the transmission power to a first
power level of 24 dBm for packets associated with a physical layer matching a

management packet, as indicated by the waveform 312, and to 10 dBm for
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packets associated with a physical layer matching a data packet, as indicated by
the waveform 314.

[0042] Referring to FIG. 4, in some examples, the processor 104 may
determine the second power level based on a destination of the packet. For
example, in response to the destination of the packet matching an IP address of a
LAN, the processor 104 may set the second power level equal to a first value. In
response to the destination of the packet matching an IP address of a WAN, the
processor 104 may set the second power level equal to a second value.

[0043] In other examples, the processor 104 determines the second power level
based on an application associated with the packet. For example, in response to
the application of the packet matching a first application, the processor 104 may
set the second power level equal to a first value. In response to the application of
the packet matching a second application, the processor 104 may set the second
power level equal to a second value.

[0044] In further examples, the processor 104 may update the running average
over a second time period. The processor 104 may determine whether the
running average, updated over the second time period, is below the second
threshold. The processor 104 may set transmission power for a second packet to
a third power level based on the determination. For example, in response to the
running average of the first time period exceeding the second threshold, the
processor 104 may set a counter that indicates the second threshold has been
exceeded once and set the second power level based on the physical layer. In
response to the running average of the second time period falling below the
second threshold, the processor 104 may determine whether the second
threshold has been exceeded more than once. In response to the counter
indicating that the second threshold has not been exceeded more than once, the
processor 104 may set transmission power for a second packet to a third power
level. For example, the processor 104 may determine that a physical layer of the
second packet matches a data packet. The processor 104 may make a second
determination that a destination of the packet matches an IP address associated

with a LAN and set the third power level based on the second determination.
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[0045] Referring now to FIG. 5, a schematic diagram of the electronic device
102 for controlling transmission power is presented, in accordance with various
examples. As described above with respect to FIGS. 1, 2, and 4, the electronic
device 102 comprises the processor 104 coupled to the wireless transceiver 110
and to the storage device 106. The storage device 106 may store computer-
readable instructions 500, 502, and 504. The computer-readable instructions 500,
502, 504 may be the computer-readable instructions 108, for example. As
discussed above with respect to FIG. 1, the computer-readable instructions 108,
when executed by the processor 104, may cause the processor 104 to perform
some or all of the actions attributed herein to the processor 104.

[0046] In various examples, when executed by the processor 104, the
computer-readable instructions 500, 502, 504 cause the processor 104 to control
transmission power. For example, execution of the computer-readable instruction
500 may cause the processor 104 to update a running average of a radiation
level over a time period. Execution of the computer-readable instruction 502 may
cause the processor 104 to set a delay time for the packet to a first delay time
when the running average exceeds a first threshold or to a second delay time
when the running average exceeds a second threshold, where the second delay
time is based on a physical layer of the packet.

[0047] In examples, the processor 104 may determine a physical layer of the
packet to determine the second delay time. For example, in response to the
processor 104 determining that the physical layer of the packet indicates a
management packet, the processor 104 may determine the delay time should
equal zero milliseconds (ms) so that the management packet is transmitted
immediately. In another example, in response to the processor 104 determining
that the physical layer of the packet indicates a data packet, the processor 104
may determine the delay time should equal two ms. By adding or removing delay
times, the average transmission power over a time period may be reduced or
increased, respectively.

[0048] In other examples, the processor 104 may determine a destination of the
packet to determine the second delay time. For example, in response to the

processor 104 determining that the physical layer of the packet indicates a data
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packet and a destination of the packet matches an IP address of a LAN, the
processor 104 may determine the delay time should equal one ms. In another
example, in response to the processor 104 determining that the physical layer of
the packet indicates a data packet and a destination of the packet matches an IP
address of a WAN, the processor 104 may determine the delay time should equal
three ms.

[0049] In various examples, the processor 104 may determine the delay time
based on the threshold and the priority of the packet. For example, a data
structure (not expressly depicted) may comprise priorities and associated delay
times. The data structure may be stored on the storage device 106, for example.
As discussed above, the priority of the packet may be based on a physical layer
specification, an Internet Protocol (IP) layer specification, an application layer
specification, a user-defined specification, or some combination thereof. In
response to the processor 104 determining a priority of the packet, the processor
104 may cause the wireless transceiver 110 to wait for a delay time before
transmitting the packet. The delay time may be based on the delay time
associated with the priority in the data structure. In some examples, priorities may
have multiple associated delay times. Each delay time may be associated with a
different threshold, for example. For example, a priority may have a first delay
time associated with a first threshold, a second delay time associated with a
second threshold, a third delay time associated with a third threshold, etc. In
response to the processor 104 determining a priority of the packet and
determining which threshold has been crossed, the processor 104 may set the
delay time based on the associated delay time in the data structure.

[0050] In other examples, the processor 104 may update the running average
over a second time period. The processor 104 may determine whether the
running average, updated over the second time period, is below the second
threshold. The processor 104 may set a delay time for a second packet based on
the determination. For example, the processor 104 may determine that a physical
layer of the second packet indicates a data packet. Based on the determination
that the running average is below the second threshold and based on the

determination that the physical layer of the second packet indicates a data
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packet, the processor 104 may set the delay time for the second packet equal to
Zzeroms.

[0051] Referring now to FIG. 6, a schematic diagram of an electronic device 600
for controlling transmission power is depicted, in accordance with various
examples. The electronic device 600 may be the electronic device 102, for
example. The electronic device 600 comprises a wireless transceiver 604, a non-
transitory computer-readable medium 606, and a processor 602 coupled to the
wireless transceiver 604 and the non-transitory computer-readable medium 606.
The processor 602 may be a microprocessor, a microcontroller, a microcomputer,
or other suitable controller, for example. The non-transitory computer-readable
medium 606 may include any electronic, magnetic, optical, or other physical
storage device for storing information such as computer-readable instructions and
data. The non-transitory computer-readable medium 606 may be the storage
device 106, for example. The non-transitory computer-readable medium 606 may
store the computer-readable instructions 608, 610, and 612. The computer-
readable instructions 608, 610, 612 may be the computer-readable instructions
108, for example. The computer-readable instructions 608, 610, 612 may be for
execution by the processor 602.

[0052] In various examples, the computer-readable instructions 608, 610, 612
may cause the processor 602 to control transmission power. Execution of the
computer-readable instruction 608 may cause the processor 602 to update a
running average of a radiation level over a time period, where the running
average is based on a quantity of packets transmitted during the time period and
on radiation levels associated with the quantity of packets. Execution of the
computer-readable instruction 610 may cause the processor 602 to determine
whether the running average exceeds a threshold. Execution of the computer-
readable instruction 612 may cause the processor 602 to control transmission
power for a packet based on the determination and based on a priority associated
with a physical layer of the packet.

[0053] In various examples, the processor 602 may determine that the priority

indicates a data packet. The processor 602 may control transmission power
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based on the determination and based on an application associated with the
packet, as described above with respect to FIGS. 1, 2, 4, and 5.

[0054] In other examples, as described above with respect to FIGS. 2, 3, 4 and
5, a computer-readable instruction may cause the processor 602 to update the
running average over a second time period. Another computer-readable
instruction may cause the processor 602 to make a second determination as to
whether the running average, updated over the second time period, exceeds a
second threshold. Yet another computer-readable instruction may cause the
processor 602 to control transmission power for a second packet based on the
second determination.

[0055] The processor 602 may determine that the priority indicates a
management packet, in yet other examples. The processor 602 may control
transmission power based on the determination and based on a destination of the
packet, as described above with respect to FIGS. 1, 2, 4, and 5.

[0056] Implementing an electronic device for transmission power control as
described above eliminates reliance on a proximity sensor to detect a presence of
a user, ensures that a wireless connection with a network is maintained so that a
user experience is not interrupted by a lost network connection, and may
enhance the user experience.

[0057] The above description is meant to be illustrative of the principles and
various examples of the present disclosure. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.

[0058] In the figures, certain features and components disclosed herein may be
shown exaggerated in scale or in somewhat schematic form, and some details of
certain elements may not be shown in the interest of clarity and conciseness. In
some of the figures, in order to improve clarity and conciseness, a component or

an aspect of a component may be omitted.
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[0059] In the above discussion and in the claims, the term "comprising" is used
in an open-ended fashion, and thus should be interpreted to mean "including, but
not limited to... ." Also, the term "couple" or "couples" is intended to be broad
enough to encompass both indirect and direct connections. Thus, if a first device
couples to a second device, that connection may be through a direct connection
or through an indirect connection via other devices, components, and
connections. As used herein, including in the claims, the word “or” is used in an
inclusive manner. For example, “A or B” means any of the following: “A” alone,

“B” alone, or both “A” and “B.”
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CLAIMS

What is claimed is:

1. An electronic device, comprising:
a wireless transceiver to transmit a packet; and
a processor coupled to the wireless transceiver, the processor to:
update a running average of a radiation level over a time period,
wherein the running average is based on a quantity of
packets transmitted by the wireless transceiver during the
time period and based on radiation levels associated with the
quantity of packets;
determine whether the running average exceeds a threshold; and
control transmission power for the packet based on the

determination and based on a destination of the packet.

2. The electronic device of claim 1, wherein the processor is to:
update the running average over a second time period;
make a second determination as to whether the running average, updated
over the second time period, exceeds a second threshold; and
control transmission power for a second packet based on the second

determination.

3. The electronic device of claim 1, wherein the processor is to:
update the running average over a second time period;
make a second determination as to whether the running average, updated
over the second time period, is below the threshold; and
control transmission power for a second packet based on the second

determination.
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The electronic device of claim 1, wherein the processor is to:

update the running average over a second time period;

make a second determination as to whether the running average, updated
over the second time period, exceeds the threshold; and

control transmission power for a second packet based on the second
determination and based on a destination of the second packet, the
destination of the second packet differing from the destination of the

packet.

The electronic device of claim 1, wherein the processor is to control

transmission power by reducing a power level, by increasing the power level, by

adding a delay time, by removing a delay time, or some combination thereof.

7.

An electronic device, comprising:
a wireless transceiver to transmit a packet; and
a processor coupled to the wireless transceiver, the processor to:
update a running average of a radiation level over a time period,
wherein the running average is based on a quantity of
packets transmitted during the time period and based on
radiation levels associated with the quantity of packets; and
set transmission power for the packet to a first power level when the
running average exceeds a first threshold and to a second
power level when the running average exceeds a second
threshold, wherein the second power level is based on a

physical layer of the packet.

The electronic device of claim 6, wherein the second power level depends

on whether the physical layer indicates a management packet or a data packet.

8.

The electronic device of claim 7, wherein the processor is to set the

second power level based on a destination of the packet.
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9. The electronic device of claim 7, wherein the processor is to set the

second power level based on an application associated with the packet.

10.  The electronic device of claim 6, wherein the processor is to:
update the running average over a second time period;
determine whether the running average, updated over the second time
period, is below the second threshold; and
set transmission power for a second packet to a third power level based on

the determination.

11. A non-transitory computer-readable medium storing computer-readable
instructions which, when executed by a processor of an electronic device, cause
the processor to:
update a running average of a radiation level over a time period, wherein
the running average is based on a quantity of packets transmitted
during the time period and based on radiation levels associated with
the quantity of packets;
determine whether the running average exceeds a threshold; and
control transmission power for a packet based on the determination and

based on a priority associated with a physical layer of the packet.

12.  The non-transitory computer-readable medium of claim 11, wherein the
computer-readable instructions, when executed by the processor of the electronic
device, cause the processor to:

determine that the priority indicates a data packet; and

control transmission power based on the determination and based on a

destination of the packet.
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13.  The non-transitory computer-readable medium of claim 11, wherein the
computer-readable instructions, when executed by the processor of the electronic
device, cause the processor to:

determine that the priority indicates a data packet; and

control transmission power based on the determination and based on an

application associated with the packet.

14.  The non-transitory computer-readable medium of claim 11, wherein the
computer-readable instructions, when executed by the processor of the electronic
device, cause the processor to:
update the running average over a second time period;
make a second determination as to whether the running average, updated
over the second time period, exceeds a second threshold; and
control transmission power for a second packet based on the second

determination.

15.  The non-transitory computer-readable medium of claim 11, wherein the
computer-readable instructions, when executed by the processor of the electronic
device, cause the processor to:

determine that the priority indicates a management packet; and

control transmission power based on the determination and based on a

destination of the packet.
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