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RADIO FREQUENCY POWER CONTROLS

Background

12001]) Wirsless computing devices are subject to Specific Absorption Rate
(SAR) limits in many countries {o ensure that device users are not exposed {o
unacceptable irradiation levels. SAR can depend on a number of aspects including,
for example, the position and orientation of the device relative to the user. For
example, computing devices can operate in a number of orientations, including,

lapiop mode, iablet mode, and tent mode, among other orientations.

Brief Description of the Drawings

[0002] Figure 1 illustrates an example of a computing device 1o enable radio
frequency power conirols consistent with the present disclosure.

[0003] Figure 2 iHlustrates an example of a computing device 1o enable radio
frequency power controls consistent with the present disclosuwre.

[0004] Figure 3 illustrates an example of a system to enable radio frequency
power controls consistent with the present disclosure.

12005] Figure 4 illusirates an example of a method for radio frequency power

controls consistent with the present disclosure

Detailed Description

18006] A computing device may include a processing resource such as
electronic circuitry 1o execute instructions stored on machine-readable medium o
perform various operations. Computing devices may be static or mobile. A siatic
computing device may include a computing device designed for regular use in a

single location. For example, a static compuling device may include a deskiop
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computer or other computing device that is utilized in a single location. A mobile
computing device may include a portable computing device that is designed to be
used in a variety of settings and to be transported between the two with reiatively
flittte effort. A mobile computing device may combine inpuls, cutputs, components,
and capabilities that are otherwise separate in a static computing device. A mobile
computing device may include a laptop computer, smartphone, other smart device, a
tablet computer, a personal digital assistant, a convertible laptop, etc.

[0007] A user of a mobile computing device may operate a mobile computing
device in a number of usage modes (laptop mode, tablet mode, tent mode, sic).
However, some usage modes correspond {o a specific absorplion rate (SAR) risk to
the user of the notebook. For example, a mobile computing device operatingin a
tablet mode may result in a SAR risk {o the user of the mobile computing device.
[0008] As such, controlling radio frequency (RF) power can mitigate SAR
risks. For example, RF power can be reduced as a resuit of proximity sensors
determining what usage mode the mobile computing device is operating in.
However, for a metal-enclosure notebook, proximily sensors do not work because
the metal enclosure can biock the EM field. In other examples, display orientation
using a single sensor can be used to infer which usage mode the mobile computing
device is operating in (and SAR profile/risk). However, because it was determined
that display orieniation based on a single accelerometer did not safeguard the user
from SAR exposure sufficiently, this method is no longer accepted by the FCC.
[000%] in contrast, examples of the present disclosure may include computing
devices, methods, and machine-readable media {o enable radio frequency power
control for a mobile computing device. For example, a mobile computing device may
include an integrated physical keyboard, an integrated display, and a memory
resource including exscutable instructions o measure an angle between a first
sensor and a second sensor, determine a usage mode from a plurality of usage
modes based on the measured angle between the first sensor and the second
sensor, and alter a radio frequency (RF) power of the radio module based on the
usage mode.

[0010] The figures herein follow a numbering convention in which the first digit
corresponds to the drawing figure number and the remaining digiis identify an
element or component in the drawing. Elements shown in the various figures herein

may be capable of being added, exchanged, and/or eliminated 50 as {o provide a
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number of additional examples of the present disclosure. In addition, the proportion
and the relative scale of the elements provided in the figures are intended (o
Hlustraie the examples of the present disclosure, and should not be taken in a
fimiting sense.

12011} Figure 1 illustrates an example of a computing device 100-1, 100-2,
100-3 to enable configuration based operation modes consisient with the disclosure.
The computing device 100-1, 100-2, 100-3 may be a mobile computing device. The
computing device 100-1, 100-2, 100-3 may be a convertible computing device. As
used herein, a convertible computing device may include a computing device that is
convertible for use as a fraditional japiop computing device accepting input from an
integrated physical keyboard and/or a touchscreen or as a tablet computing device
accepting input from just the touchscreen. The convertible laptop may utilize distingt
Basic input/Cutput System (BIOS) modes that control the allowabie or recognized
inputs and/or outputs associated with the iraditional lapiop and tablei computing
device usage modes described above.

18012} The computing device 100-1, 100-2, 100-3 may include a plurality of
connected housings {e.g., 102-1, 102-2, 102-3, 104-1, 104-2, 104-3). For exampile,
the computing device 100-1, 100-2, 100-3 may include a first housing 102-1, 102-2,
102-3. The first housing 102-1, 102-2, 102-3 may include a housing containing the
computing portion of the computing device 100-1, 100-2, 100-3. The computing
portion may include the processing resource {e.g., a central processing unit (CPU), a
graphics processing unit (GPU), etc), a memory resource, an input/out port, and/or a
hattery. The computing portion may include the components that enable the
operation of the operating system and applications of the computing device 100-1,
100-2, 100-3. The compuling portion may include the hardware that exscutes
commands and generates oulputs for the computing device 100-1,100-2, 100-3. The
computing portion may include a radio module and one of the two accelerometer
Sensors.

[6013] The computing device 100-1, 100-2, 100-3 may include a second
housing 104-1, 104-2, 104-3. The second housing 104-1, 104-2, 104-3 may include
hardware associated with generating a displayed image of a user interface. The
second housing 104-1, 104-2, 104-3 may also include hardware associated with a

touchscreen user interface.
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180147 The first housing 102-1, 102-2, 102-3 and the second housing 104-1,
104-2, 104-3 may be connected. The connection between the first housing 102-1,
102-2, 102-3 and the second housing 104-1, 104-2, 104-3 may be designedto be a
substantially permanent connection that is not designed to be readily and/or
repeatedly disconnected. For example, the conneclion may accomimodate wiring
between connection points in the first housing 102-1, 102-2, 102-3 and connection
points in the second housing 104-1, 104-2, 104-3 that is not releasable from the
connection points in either housing without damaging the computing device 100-1,
100-2, 100-3 {e.g., wiring soldered o circuilry at the connection points).

[G015] The connection between the first housing 102-1, 102-2, 102-3 and the
sacond housing 104-1, 104-2, 104-3 may include a hinge mechanism 108-1, 106-2,
106-3. The first housing 102-1, 102-2, 102-3 and the second housing 104-1, 104-2,
104-3 may be rotatable about the hinge mechanism 106-1, 106-2, 106-3. Rotation of
the first housing 102-1, 102-2, 102-3 and the second housing 104-1, 104-2, 104-3
about a rotational axis passing through a center the hinge mechanism 106-1, 108-2,
108-3 may alter an orientation of the first housing 102-1, 102-2, 102-3 and the
second housing 104-1, 104-2, 104-3 with respect o each other by altering an angle
between the first housing 102-1, 102-2, 102-3 and the second housing 104-1, 104-2,
104-3.

[00186] The computing device 100-1, 100-2, 100-3 may include an integrated
physical keyboard 108-1, 108-3. An integrated physical keyboard 108-1, 108-3 may
include a physical keyboard, as opposad to a virtual keyboard, that is integrated with
the first housing 102-1, 102-2, 102-3. For example, an integrated physical keyboard
108-1, 108-3 may include a physical keyboard that is contained on top of and/or
partially within the first housing 102-1, 102-2, 102-3. The integrated physical
Kevboard 108-1, 108-3 may not include a releasable connection with the first housing
102-1, 102-2, 102-3 and/or the second housing 104-1, 104-2, 104-3, but rather may
be inset to a face of the first housing 102-1, 102-2, 102-3. The integrated physical
kevboard 108-1, 108-3 may utilize power supplied through the first housing 102-1,
102-2, 102-3 and may include a wired connection to the first housing 102-1, 102-2,
102-3. The integrated physical keyboard 108-1, 108-3 may be a physical keyboard
that is a physically integrated part of the computing device 100-1, 100-2, 100-3.
[e017] The computing device 100-1, 100-2, 100-3 may include an integrated
display 110-1, 110-2. An integrated display 110-1, 110-2 may include a display
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capable of displaying images of a graphical user interface. The integrated display
110-1, 110-2 may be integrated with the second housing 104-1, 104-2, 104-3. The
hardware associated with generating a displayed image may be contained within the
sacond housing 104-1, 104-2, 104-3. A screen portion of a display where the
images are manifesied may be visible on one face of the second housing 104-1,
104-2, 104-3. The integrated display 110-1, 110-2 may be overlaid with a user input
detecting device such as a touchscreen. The integrated display 110-1, 110-2 may
not include a releasable connection with the second housing 104-1, 104-2, 104-3
and/or the first housing 102-1, 102-2, 102-3, but rather may be inset te a face of the
second housing 104-1, 104-2, 104-3. The integrated display 116-1, 110-2 may
utilize power supplied through the second housing 104-1, 104-2, 104-3 and may
include a wired connection to the second housing 104-1, 104-2, 104-3 and/or first
housing 102-1, 102-2, 102-3. The integrated display 110-1, 110-2 may be a
physically integrated part of the computing device 100-1, 100-2, 100-3.

(6018} The computing device 100-1, 100-2, 100-3 may include a memory
resource. The memory rescurce may be utilized to stored instructions. The
instructions may be executable by the processing resource to perform various
operations. For example, the memory resource may include instructions execuiable
to determine a configuration of the computing device 100-1, 100-2, 160-3.

[0019] A configuration of the computing device 100-1, 100-2, 100-3 may
correspond o a particular Basic Input/Output System (BIOS) mode that the
computing device 100-1, 100-2, 100-3 is operating in. The computing device 100-1,
100-2, 100-3 may function differently depending on which configuration itis in. For
example, a particular configuration may be associated with particular operations,
inputs, and/or outputs being allowed or not-allowed.

120207 The determination of the configuration of the computing device 100-1,
100-2, 100-3 may be based on an corientation of the components of the computing
device 100-1, 100-2, 100-3. The orientation of the components of the computing
device 100-1, 100-2, 100-3 may include the positioning of the components in relation
to each other and/or in relation to a user or a work surface. As used herein, a work
surface may include a surface that the computing device 100-1, 100-2, 100-3 is
sitling on and/or supported by during iis operation. Examples of a work surface may
include a desk, a user's lap, a palm of a hand, a wall, a piece of furniture, the

ground, eic. Examples of an orientation may inciude a positional relationship
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between the first housing 102-1, 102-2, 102-3 and the second housing 104-1, 104-2,
104-3, a positional relationship between the integrated display 110-1, 110-2 and the
integrated physical keyboard 108-1, 108-3, a positional relationship between a
functional side of the integrated display 110-1, 110-2 and a functional side of the
integrated physical keyboard 108-1, 108-3, and or a positional relationship of any of
the above lisied components and a user and/or a work surface. In some examples,
the determination of the crientation of the computing device 100-1, 100-2,100-3 can
be obtained by the angle in

16021} As used herein, a functional side of the integrated physical keybeard
108-1, 108-2 may include a surface of the integrated physical keyboard 108-1, 108-3
that accepts user touch as input. For example, the functional side of the integrated
physical kevboard 108-1, 108-3 may include the surface ¢of the integrated physical
keyboard 108-1, 108-3 that is keyed with mechanically actuatable keys that
correspond to particular alphanumeric and specific command inputs. As used
hersin, a functional side of the integrated display 110-1, 110-2 may include a surface
of the integrated display 110-1, 110-2 upon and/or through which an electronic visual
display can be viewed. That is, the functional side of the integrated display 110-1,
110-2 may include a displaying surface of the integrated display 110-1, 110-2. In
some examples, the functional side of the integrated display 110-1, 110-2 may
include a surface of the integrated display 110-1, 110-2 including a touchscreen
input receiving device laid over the electronic visual display.

(0022} A positional relationship between the above mentioned components of
the computing device 100-1, 100-2, 100-3 may be guantified using an angle 112-1,
112-2, 112-3 (Hustrated by a hashed line) between the componenis. The angles
112-1, 112-2, 112-3 may be defined relative to a vertex. The vertex may include the
hinge mechanism 106-1, 108-2, 106-3.

[0023] A positional relationship between the above mentionad componenis of
the computing device 100-1, 100-2, 100-3 and a user and/or a work surface may be
characterized by which way the component faces relative to the user and/or the work
surface. For example, a positional relationship between a user and the functional
side of the integrated display 110-1, 110-2 may be characterized by whether the
functional side of the integrated display 110-1, 110-2 is facing a face of a user. In

ancther example, a positional relationship between a work surface and an integrated
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physical keyboard 108-1, 108-3 may be characterized by whether the funclional side
of the integrated physical keyboard 108-1, 108-3 is facing the work surface.

[0024] The orientation of the componenis of the compuiing device 100-1, 100-
2, 100-3 may be determined based on sensors 114-1, 114-2, 114-3 in the computing
device 100-1, 100-2, 100-3. For examples, the orientation of the components ¢f the
computing device 100-1, 100-2, 100-3 may utilize sensors 114-1, 114-2, 114-3 such
as cameras, light sensors, pressure sensor, accelerometers, etc. in other examples,
the orientation of the components of the computing device 100-1, 100-2, 100-3 may
be determined utilizing sensors 114-1, 114-2, 114-3, such as accelerometers. A first
sensor 100-1, 100-2, 100-3 can be installed within the first housing 102-1, 102-2,
102-3 of the computing device 100-1, 100-2, 100-3 and a second sensor can be
installed within the second housing 104-1, 104-2, 104-3 of the computing device
100-1, 100-2, 100-3. The orientation of the components of the computing device
100-1, 100-2, 100-3 may also be determined based on user input specifying an
grientation. Additionally, the orientation of the components of the computing device
100-1, 100-2, 100-3 may also be determined based on an angle between a sensor
and gravity.

[0025] As described herein, a usage mode can be determined from a plurality of
modes based on the measured angle between a first sensor 114-1, 114-2, 114-3 and
a second sensor 114-1, 114-2, 114-3. in some examples, the usage mode can be
determined from a plurality of modes based on the angle between a first sensor 114-1,
114-2, 114-3 and gravity. For exampie, the plurality of modes includes a laptop mode,
a tablet mode, a tent mode, a flal mode, and a stand mode, among other usags
modes,

[0026] For examplse, based on the measured angle between the first
accelerometer sensor and the second accelerometer an EC can determine which
usage mode the computing device 100-1, 100-2, 100-3 is operating in. As described
herein, each usage mode can correspond to a predefined open angle range. For
example, the laptop mode can correspond to a display open angle of less than 155
degrees, the tablet mode can correspond to a display open angle of greater than 345
degrees, the tent mode can correspond (o a display open angle of between 210
degrees and 335 degrees, the flat mode can correspond o greaier between 165
degrees and 200 degrees, and the stand mode can correspond to between 210

degrees and 335 degrees. In some examples, the angle between the first sensor
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114-1, 114-2, 114-3 and/or the second sensor 114-1, 114-2, 114-3 and gravity may
he used to differentiate different usage modes with the same open angle range.
[0027] Figure 2 illusirates an example of a computing device 220 to enable
radio frequency power controls consistent with the present disclosure. The
computing device 220 may be a convertible computing device. As used herein, g
convertible computing device may include a computing device 220 that is convertible
for use as a traditional laptop computing device accepting input from an integrated
physical kevboard and/or a touchscreen or as a tablet computing device accenting
input from just the touchscreen. The convertible laptop may utilize distinct Basic
input/Qutput System (BIOS) modes that control the allowable or recognized inputs
and/or outputs associated with the traditional laptop and tablet computing device
usage modes descrived above.

[0028] As illustrated in Figure 2, the computing device 220 can include a
processing resource 218. The computing device 220 may further include a memory
resource 218 coupled to the processing resource 216, on which instructions may be
stored, such as instructions 222, 224, and 226. Although the following descriptions
refer {0 a single processing resource and a single memory resource, the descriptions
may also apply o a system with multiple processing resources and multiple memory
resources. In such examples, the instructions may be distribuled (8.¢., stored) across
muiiiple memory resources and the instructions may be distributed (e.g., execuled by)
across multiple processing resources.

[8029] Processing resource 216 may be a central processing unit (CPU), a
sericonductor based microprocesser, and/or other hardware devices suitable for
retrieval and exacution of instructions stored in memory resource 218, Processing
resource 216 may feich, decode, and execute instructions 222, 224, and 226, or a
combination thereof. As an alternative or in addition to refrieving and executing
instructions, processing resource 216 may include at least one electronic circuit that
includes elecironic components for performing the functionality of instructions 222, 224,
and 228, or a combination thereof,

180307 Memory resource 218 can be volatile or nonvelatile memory. Meamory
resource 218 can also be removable (e.g., poriable) memory, or non-removable (8.9,
internal) memory. For example, memory resource 104 can be random access memory
(RAM) (e.q., dynamic random access memory (DRAM) and/or phase change random

access memory (PCRAM)), read-only memory (ROM) (e.q., electrically erasable
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programmable read-only memory (EEPROM) and/or compact-disk read-only memory
(CD-ROM), flash memory, a laser disc, a digital versatile disk (DVD) or other optical
disk storage, and/or a magnetic medium such as magnetic casseties, tapes, or disks,
among other types of memory.

12031} Instructions 222, when executed by processing resource 216, may cause
the processing resource 216 to measure an angle between a first sensor and a second
sensor. in some examples, the first sensor can be instalied in a first housing of the
computing device 220 and the second sensor can be installed in a second housing
of the computing device 220. As described herein, the first and second sensors can
be accelerometer sensors.

[06032] As described herein, a first housing of the computing device 220 may
include an integrated physical keyboard. For example, an integrated physical
keyboard may include a physical keyboard that is contained on top and/or partially
within the first housing of the compuiing device 220. As described herein, the
second housing of the computing device 220 may include an integrated display.
18033] Instructions 222, may include instructions to determine an crientation of
a computing device 220. As described herein, the computing device 220 can be a
convertible computing device. The convertible computing device may include a
computing device 220 that is convertible for use as a traditional lapiop computing
device accepting input from an integrated physical keyboard and/or a touchscreen or
as a tablet compuling device accepting input from just the touchscreen.

(0034} As described herein, determination of the orientation of the computing
device 220 may be based on an corientation of the first housing of the computing
device 220 and the second housing of the computing device 220. The orientation of
the first housing of the computing device 220 and the second housing of the
computing device 220 may include the positioning of the first housing and the
second housing of the computing device 220 in relation {o each other and/or in
relation {0 a user or a work surface. As used herein, a work surface may include a
surface that the computing device 220 is sitting on and/or supported by during its
operation. Examples of work surface may include a desk, a user's lap, apalm of a
hand, a wall, a piece of furniture, the ground, etc. An example of an orientation may
inciude a positional relationship between the first housing of the computing device

and the second housing of the computing device.
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10035] A positional relationship between the first housing of the computing 220
device and the second housing of the computing device 220 may be quantified using
an angle between the first housing of the computing device 220 and the second
housing of the computing device 220, A positional relationship between the first
housing of the computing device 220 and the second housing of the computing
device 220 and a user and/or work surface may be characterized by which way the
component faces relative 10 the user and/or the work surface.

[0036] In some examples, the orientation of the components of the computing
device 220 may be determined based on sensors in the computing device 220, For
example, the orientation of the components of the computing device 220 may be
determined utilizing sensors such as accelerometers. Thatis, an open angle range
of the computing device 220 may be delermined utilizing sensors. For example, the
display open angle can be obtained by measuring the difference between the first
sensor and the second sensor. In some exampies, the open angle range may be
used in conjunction with data obtained by the first and/or second sensor to provide a
reference {0 earth {0 determine the orientation of the computing device. For
instance, sensors can be used to determine if the computing device is being held in
conjunction with the angle between the first and second housing.

12037) Instructions 224, when executed by processing rescurce 216, may cause
the processing resource 216 to determine a usage mode from a plurality of modes
based on the measured angle between the first sensor and the second sensor. For
example, the plurality of modes includes a lapiop mode, a tablet mode, atent mode, 2
flat mode, and a stand mode, among other usage modes.

[6038] As described herein, an Embedded Controller (EC) can determine the
usage mode from the plurality of usage modes. The EC hardware may use data
collected by the first and second sensor to identify when the computing device 220 is in
a usage mode. As aresult, the EC can take action and/or generate events to the BIOS
which are passed on to software i0 each mode related (o screen orientation, selection
of thermal profile, or other appropriate action. For example, based on the measured
angle between the first accelerometer sensor and the second accelerometer an EC
can determine which usage mode the computing device 220 is operating in.

[0038] As described herein, each usage mode can correspond 1o a predefined
open angle range. For example, the laptop mode can correspond to a display open

angle of less than 155 degrees, the tablet mode can correspond o a display open
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angle of greater than 345 degrees, the tent mode can correspond to a display open
angle of between 210 degrees and 335 degrees, the flat mode can correspond to
greater between 165 degrees and 200 degrees, and the stand mode can correspond
to between 210 degrees and 335 degrees.

120407 As described herein, the EC can determine whether there is a SAR risk
that corresponds o the determined usage mode. For example, in an instance where
the EC determines that the computing device 220 is operating in a usage mode that
corresponds o a SAR risk the EC may generate events to a radio module to control
the RF power. For example, the RF power can be reduced 10 a level that causes an
acceptably low SAR for the user.

[0041] As described herein, the computing device 220 may identify a RF
power of a radio module. For example, identifying the RF power of the radic module
can correspond o the usage mode. As described herein, the usage mode can
correspond o a particular level of SAR risk. For example, when the usage mode
corresponds to a particular level of SAR risk, the computing device 220 can identify a
reduced RF power of the radic module to be utilzied. Thus, identifving a RF power
can mitigate the SAR risk o a user of the compuiing device 220 by altering the RF
power of the computing device 220. In ancther example, when the usage mode
corresponds to no SAR risk, the computing device 220 can identify a normal RF
power of the radio model.

[0042] For example, a compuiing device 220 operating in laptop mode or
standing mode may correspond to a relatively lower level of SAR risk. However, a
computing device 220 operating in flat mode, tent mode, or tablet mode may
correspond to a relatively higher level of SAR risk. Thus, because a computing
device 220 operating in flat mode, tent mode, or tablet mode may correspond to a
relatively higher SAR risk, the RF power can be reduced to reduce or mitigate the
SAR risk.

[0043] As described herein, in an instance where the computing device 220
determines that the RF power of the radio module may be altered, the computing
device 220 can determine that the radio module go into Dynamic Power Reduction
(DFR) mode. As described herein, RF power may relate to the SAR level, and SAR
levels may be dependent upon frequency. Therefore, the RF power may need {0 be
reduced based on the frequency as a result of a SAR exposure situation being

identified (i.e., computing device is operating in tent mode, eic.). For example, a
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radio modute in DPR mode can use a DPR {able {o determine how much the RF
power is reduced to mitigate the SAR risk to the user of the computing device 220,
A DPR table can indicate how much the RF power can be reduced based on the
frequency to mitigate the SAR risk.

12044] As described herein, the DR iable can indicate the RF power ¢f the
radio module that causes an acceptably low SAR (e.g., SAR level identified by an
agency 1o be an acceptable SAR level, ete)) for the user. For example, the RF
power of the radio module can be altered to the RF power that the DPR table
identifies as causing an acceplable low SAR for the user. In some examples, the
determined usage mode can be utilized for additional functions relating o the
computing device 220 including a keyboard, a camera, and screen rotation.

12045] Instructions 226, when executed by processing resource 216, may cause
the processing resource 216 to alter a RF power of the radio module based on the
usage mode. For example, the RF power of the radio module can be altered to the
identified RF power. As described herein, in the case that the SAR risk indicates
that the computing device 220 be placed into DFR mode, the computing device 220
can alter the RF power of the radio module to the identified power. The identified
power can be determined based on the RF power that corresponds to the SAR
risk/usage mode.

[00486] As described herein, the computing device 220 can alier the RF power
of the radio module via Hardware General Purpose input Cutput (HW GPIO) signals
or Software Application Programming interface (SW AP calls. For example, in an
instance that the EC detects that the computing device 220 is operating in a usage
mode that corresponds to a particular level of SAR risk, the computing device 220
can alter the RF power of the radio module. For example, the computing device 220
can alter the RF power of the radio o a powaer identified by the DFR table as
resulting in an acceptably low SAR.

[0047] As described herein, the computing device 220 can alier the RF power
of the radio module to the identified RF power via HW GPIO signals or SW AP calls.
For example, the computing device 220 can reduce the RF power of the radic
module to mitigate the SAR in the computing device 220. For example, when the
computing device 220 utilizes HW GPIO signals, the EC can be connected by &

signal directly to the radic module. Thus, when the EC raises a voltage levelon a
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signal, the radio medule can sense the voltage level and trigger an action, such as
going into DPR mode.

[G048] In some example, when the computing device 220 utilizes SW API
calls, the EC can have communication with operating systems. Thus, when the EC
determines that the computing device 220 is operaling in a usage mods that
corresponds {0 a particular level of SAR risk the EC can create an operating sysiem
(O3) event, wherein a SW service can register for and monitor for these type of
events (i.e., computing device 220 is operating in a mode correspondingto a
particutar level of SAR risk, etc.) in the 08, A SW can notify the radic module to go
into a DPR mode when it detects such an event. As a result, the radio module HW
may receive the notification and can notify its circuitry 1o go into a DPR mode.

12049] As described herein, the computing device 220 can alter a RF power of
the radio module into a reduced power siate. For example, once the RF power is
reduced the SAR levels can be reduced to a level that is an acceptably low SAR.
[0050] Figure 3 iHlustrates an example of system 330 to enable radio
frequency power controls consistent with the present disclosure. System 330 may
inciude a non-transitory machine readable storage medium 328. Non-transifory
machine readable storage medium 328 may be an slectronic, magnetic, optical, or
other physical storage device that stores executable instructions. Thus, non-
fransitory machine readable storage medium 328 may be, for example, Random
Access Memory (RAM), an Electrically-Erasable Programmable Read-Only Memory
(EEPROM), a storage drive, an optical disc, and the like. Non-transitory machine
readable storage medium 328 may be disposad within system 330, as shown in Figure
3. In this example, the executable instructions may be “installed” on the system 320.
Additionally and/or alternatively, non-transitory machine readable storage medium 328
may be a portable, external or remote storage medium, for example, that allows system
330 to download the instructions from the portable/external/remote storage medium. In
this siiuation, the executable instructions may be part of an “instaliation package®™ As
described herein, non-fransitory machine readable siorage medium 328 may be
encoded with executable instructions for a performance threshold.

[0051] Instructions 332 may include instructions to measure an angle between
a first accelerometer sensor and a second accelerometer sensor. In some
examples, the first accelerometer sensor can be installed in a first housing of the

computing device and the second accelerometer sensor can be installed in a second
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housing of the computing device. As described herein, a first housing of the
computing device may include an integrated physical keyboard. For example, an
integrated physical keyboard may include a physical keyboard that is contained on
top and/or partially within the first housing of the computing device. As described
herein, the second housing of the computing device may include an integrated
display.

[0052] instructions 334 may include instructions o determing an orientation of
a computing device. As described herein, the computing device can be a convertible
computing device. The convertible computing device may include a computing
device that is convertible for use as a iraditional lapiop computing device accepting
input from an integrated physical keyboard and/or a touchscreen or as a tablet
computing device accepting input from just the touchscreen.

[0053] As described herein, determination of the orientation of the computing
device may be based on an orientation of the first housing and the second housing
of the computing device. The orientation of the first housing and the second housing
of the computing device of the computing device may include the positioning of the
display and the first housing of the computing device in relation {o each other and/or
in relation to a user or a work surface.

12054] The positional relationship between the first housing and the second
housing of the computing device may be quantified using an angle between the first
housing and the second housing of the computing device. A positional relationship
between the first housing and the second housing of the computing device and a
user and/or work surface may be characterized by which way the component faces
relative to the user and/or the work surface. The orientation of the first housing and
the second housing of the computing device may be delermined ulilizing the first
accelerometer sensor and the second accelerometer sensor. That is, the open
angle range of the computing device may be determined utilizing accelerometer
Sensors.

[0055] Instructions 3386 may include instructions to determine a usage mode
from a plurality of usage modes. As described herein, the plurality of usage modes
include laptop mode, tablet mode, and tent mode, among other orientations. Each of
the plurality of usage modes corresponds 1o a predefined open angle range. For

example, based on the measured angle between the first accelerometer sensor and
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the second accelerometer, an EC can determine which usage mode the computing
device is in.

[G058] instructions 338 may inciude instructions {o identify a RF power of a
radio module. For example, identifying the RF power of the radio module can
correspond to the usage mode. As described herein, the usage mode can
correspond to a particular level of SAR risk. For example, when the usage mode
corresponds 1o a particular level of SAR risk, the computing device can identify a
reduced RF power of the radic module. Thus, identifying a RF power can mitigate
the SAR risk {o a user of the computing device by altering the RF power of the
computing device. In another example, when the usage mode corresponds {0 an
acceptably low SAR, the computing device may not have to reduce the RF power of
the radio modsl.

(0057 As described herein, in an instance where the computing device
determines that the RF power of the radio module may be altered, the computing
device can determine that the radio medule go into DPR mode. For example, a
radio modute in DPR mode can use a DPR {able {o determine how much the RF
power is reduced to miligate the SAR risk to the user of the computing device.
[o058] Instructions 342 may include instructions {o alter the RF power of the
radio module. For example, the RF power of the computer module can be altered io
the identified RF power. As described herein, in the case that the SAR risk indicates
that the computing device be placed into DPR mode, the computing device can alter
the RF power of the radic module to the identified power. The identified power can
be determined based on the RF power that corresponds 1o the SAR risk/usage
mode.

[0059] As described herein, the computing device can alter the RF power of
the radic module via HW GPIO signals or SW AP calls. For example, in an instance
that the EC detects that the computing device is operating in a usage mode that
corresponds o a SAR risk, the computing device can alter the RF power of the radio
module to the identified RF power via HW GPIO signals or SW AP calls. As
described herein, the computing device can reduce the RF power of the radio
module to mitigate the SAR risk in the computing device.

[G060] Figure 4 illusirates an example of a method 440 for radio freguency
power controls consistent with the present disclosure. In some examples, the

method 440 can be performed by a computing device, as described herein. For
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example, the method 440 can be performed by computing device 100 as iHustraled
in Figure 1.

[Gos1] As described herein, at 444, the method 440 can include measuring an
angle between a first accelerometer sensor and a second accelerometer sensor. In
some examples, the first acceleromster sensor can be installed in a first housing of
the computing device and the second accelerometer sensor can be installed in a
second housing of the computing device.

(0062} As described herein, at 446, the method 440 can include determining
the orientation of a computing device based on the measured angle between the first
accelerometer sensor and the second accelerometer sensor. As described herein,
the positional relationship between the first housing and the second housing of the
computing device may be guantified using an angle between the first housing and
the second housing of the computing device. A positional relationship between the
first housing and the second housing of the computing device and a user and/or
work surface may be characterized by which way the component faces relative {o the
user and/or the work surface. The orientation of the first housing and the second
housing of the compuling device may be determined utilizing the first accelerometer
sensor and the second accelerometer sensor. That s, the open angle range of the
computing device may be determined utilizing accelerometer sensors.

[0063] As described herein, at 448, the method 440 can include determining a
usage mode from a pluralily of usage modes based on the crientation of the
computing device. As described herein, the plurality of usage modes include lapiop
mode, tablet mode, and tent mode, among other orientations. Each of the plurality of
usage modes corresponds to a predefined open angle range. For example, based
on the measured angle between the first accelerometer sensor and the second
accelerometer an EC can determine which usage mode the computing device in.
[0064] As described herein, at 450, the method 440 can include identifying a
RF power of a radio module that corresponds o the usage mode and mitigates SAR
to a user of the computing device based on the usage mode. For example, the
usage mode may correspond to a SAR risk. As described herein, the SAR risk can
indicate that the radio module be placed into DPR mode.

[C065] As described herein, at 452, the method 440 can include altering the
RF power of the radio module to the identified RF power. For example, in the case
that the SAR risk indicates that the computing device be placed into a DPR, the
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computing device can aller the RF power of the radio module to the identified power.
The identified power can be determined based on the RF power that corresponds to
the SAR risk/usage mode.

[0066] The above specification, examples and data provide a description of
the method and applications, and use of the system and method of the present
disclosure. Since many examples can be made without departing from the spirit and
scope of the system and method of the present disclosure, this specification merely

sets forth some of the many possible example configurations and implementations.
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VWhat is claimed:

1. A computing device, comprising:
a processing resource; and
a memory resource storing machine-readable instructions o cause the
processing resource o
measure an angle between a first sensor and a second sensor;
determine a usage mode from a plurality of usage modes based on the
measured angle between the first sensor and the second sensor; and
alter a radio frequency {(RF) power of the radio module based on the

usage mode.

2. The computing device of claim 1, wherein the first and second sensors are

accelerometer sensors.

3. The computing device of claim 1, wherein the first sensor is installed in a first
housing of the computing device and the second sensor is installed in a second

housing of the computing device.

4. The computing device of claim 1, wherein the plurality of usage modes

includes a laptop mode, a tablet mode, and a tent mode.

5. The computing device of claim 4, wherein each usage mode corresponds to a

predefined open angle range.

5. The computing device of claim 5, wherein the laptop mode corresponds to a
display open angle of less than 155 degrees, the tablet mode corresponds to a
display open angle of greater than 345 degrees, and the test mode corresponds (o a

display open angle of between 165 degrees and 200 degrees.

7. The computing device of claim 1, wherein an Embedded Controller (EC)

determines the usage mode from the plurality of usage modes.
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7. The computing device of claim 5, wherein the laptop mode corresponds to a
display open angle of less than 155 degrees, the tablet mode correspondsto a
display open angle of greater than 345 degrees, and the {est mode corresponds (o a

display open angle of between 165 degrees and 200 degrees.

8. A non-transitory machine-readable storage medium having stored thereon
machine-readabie instructions to cause a computing processor {0:

measure an angle between a first accelerometer sensor and a second
accelerometer sensor;

determine an orientation of a compuiling device based on the measured angle
between the first acceleromester sensor and the second accelerometer sensor;

determine a usage mode from a plurality of usage modes based on the
orientation of the computing device;

identify a radio frequency (RF) power of a radio module that corresponds to
the usage mode; and

alter the RF power of the radio module {0 the identified RF power.

9. The computing device of claim 8, comprising instructions to alter the RF

power of the radio model via HW GPIO signals.

10.  The computing device of claim 8, comprising instructions {o alter the RF

power of the radio model via SW AP calis.

11, The computing device of claim 8, comprising instructions to ulilize the
determined usage mode for additional functions relating to the computing device

including a keyboard, a camera, and screen rotation.

12. The computing device of claim 8, comprising instructions {o alter the RF
power of the radio module to mitigate a specific absorption rate (SAR) in the

computing device.

13. A method comprising:
measwring an angle between a first accelerometer sensor and a second

accelerometer sensor;
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determining an orientation of a computing device based on the measured
angle between the first accelerometer sensor and the second accelerometer sensor;

determining a usage mode from a plurality of usage modes based on the
orientation of the computing device;

identifying a radio frequency (RF) power ¢f a radio module that corresponds
fo the usage mode and mitigates SAR to a user of the computing device based on
the usage mode; and

altering the RF power of the radic module 1o the identified RF power.

14. The method of claim 13, wherein the usage mode corresponds {0 a specific

absorption rate (SAR) risk.

15. The method of claim 14, wherein an SAR risk indicates that the radio module be

placed into a dynamic power reduction (DPR} mode
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