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(57) Abstract: Systems and methodologies are
described that facilitate throttling transmit power
of a WWAN module based upon thermal input.
For instance, the thermal input can be a detected
temperature, a signal from a computing device as-
sociated with the WWAN module, a signal from
an alternate technology module (e.g., WiFi mod-
ule, WiMax module, ) associated with the
WWAN module, or the like. A target transmit
power of the WWAN module can be reduced
(e.g., by a predetermined amount, ) upon occut-
rence of a condition (e.g., the detected tempera-
ture exceeding a threshold, the computing device
or the alternate technology module requesting a
decrease in thermal power, ), for example. More-
over, negotiation between the WWAN module
and a base station can be effectuated to select an
appropriate class (power class or Multi Slot Class)
and/or operating mode when the target transmit
power of the WWAN module is altered.
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THROTTLING TRANSMIT POWER IN A WWAN DEVICE BASED UPON

THERMAL INPUT
BACKGROUND
L Field
[0001] The following description relates generally to wireless communications,

and more particularly to throttling transmit power in a Wireless Wide Area Network

(WWAN) device utilizing thermal input in a wireless communication system.

II. Background

[0002] Wireless communication systems are widely deployed to provide various
types of communication; for instance, voice and/or data can be provided via such
wireless communication systems. A typical wireless communication system, or
network, can provide multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, ...). For instance, a system can use a variety of multiple
access techniques such as Frequency Division Multiplexing (FDM), Time Division
Multiplexing (TDM), Code Division Multiplexing (CDM), Orthogonal Frequency
Division Multiplexing (OFDM), and others.

[0003] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple access terminals. Each access
terminal can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to access terminals, and the reverse link (or uplink) refers to the
communication link from access terminals to base stations. This communication link
can be established via a single-in-single-out, multiple-in-single-out or a multiple-in-
multiple-out (MIMO) system.

[0004] MIMO systems commonly employ multiple (N7) transmit antennas and
multiple (Ng) receive antennas for data transmission. A MIMO channel formed by the
Ny transmit and Ng receive antennas can be decomposed into Ny independent channels,

which can be referred to as spatial channels, where N < {N Ny } Each of the Ng

independent channels corresponds to a dimension. Moreover, MIMO systems can

provide improved performance (e.g., increased spectral efficiency, higher throughput
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and/or greater reliability) if the additional dimensionalities created by the multiple
transmit and receive antennas are utilized.
[0005] MIMO systems can support various duplexing techniques to divide
forward and reverse link communications over a common physical medium. For
instance, frequency division duplex (FDD) systems can utilize disparate frequency
regions for forward and reverse link communications. Further, in time division duplex
(TDD) systems, forward and reverse link communications can employ a common
frequency region so that the reciprocity principle allows estimation of the forward link
channel from reverse link channel.
[0006] Wireless communication systems oftentimes employ one or more base
stations that provide a coverage area. A typical base station can transmit multiple data
streams for broadcast, multicast and/or unicast services, wherein a data stream may be a
stream of data that can be of independent reception interest to an access terminal. An
access terminal within the coverage area of such base station can be employed to
receive one, more than one, or all the data streams carried by the composite stream.
Likewise, an access terminal can transmit data to the base station or another access
terminal.
[0007] According to an example, an access terminal can be a Wireless Wide
Area Network (WWAN) device (e.g., WWAN module, ...) employed in conjunction
with a computing device (e.g., notebook computer, handheld computer, personal digital
assistant (PDA), ...). For instance, the WWAN device can be embedded in, removeably
connectable to, efc. the computing device. However, the WWAN device can cause an
overall ambient temperature of the computing device to rise (e.g., to a temperature level
that detrimentally impacts performance of the computing device, one or more
components associated with the computing device, and/or the WWAN device, ...). By
way of illustration, the computing device can be sensitive to an amount of thermal
energy to which it is exposed (e.g., lifetime of each component of the computing device
can be a function of hot and cold temperatures to which such component is exposed,

).
[0008] Changes in ambient temperature of the computing device can result from
WWAN device operation. For example, increase in temperature can be caused by heat
generated by a power amplifier on the WWAN device when transmitting data. Further,

increase in temperature can result (e.g., to a lesser extent as compared to utilization of
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the power amplifier, ...) from heat generated by baseband processing of high speed data
being downloaded by the WWAN device.

[0009] Conventional techniques typically fail to adequately account for the rise
in temperature resulting from operation of WWAN devices. For instance, a common
technique can include having WWAN devices operate in a manner similar to Wireless
Local Area Network (WLAN) devices, where transmit power can be unilaterally
reduced by the device itself when the temperature exceeds a threshold. However, unlike
WWAN, WLAN base stations do not attempt to control the WLAN transmit power
output on a computing device. WLAN devices operate in the unlicensed spectrum
where behavior is much less regulated as compared to the licensed spectrum (e.g., in
which WWAN devices operate, ...). Moreover, WWAN devices typically need to be
qualified by global network operators to operate on their respective networks; to be
qualified, WWAN devices commonly need to have transmission characteristics that
meet requirements set by the global network operators. Thus, for example, the network
typically governs transmit power employed by WWAN devices, which runs counter to

allowing such devices to unilaterally alter their corresponding transmit power employed.

SUMMARY
[0010] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
[0011] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects are described in connection with facilitating
throttling of transmit power of a WWAN module based upon thermal input. For
instance, the thermal input can be a detected temperature, a signal from a computing
device associated with the WWAN module, a signal from an alternate technology
module (e.g., WiFi module, WiMax module, ...) associated with the WWAN module,
or the like. A target transmit power of the WWAN module can be reduced (e.g., by a

predetermined amount, ...) upon occurrence of a condition (e.g., the detected
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temperature exceeding a threshold, the computing device or the alternate technology
module requesting a decrease in thermal power, ...), for example. Moreover,
negotiation between the WWAN module and a base station can be effectuated to select
an appropriate class (power class or Multi Slot Class) and/or operating mode when the
target transmit power of the WWAN module is altered.

[0012] According to related aspects, a method that facilitates throttling transmit
power of a WWAN module in a wireless communication environment is described
herein. The method can include determining a target transmit power to be utilized by a
WWAN module as a function of an obtained temperature related input. Further, the
method can comprise negotiating with a base station to coordinate a transition to the
target transmit power. Moreover, the method can include sending data via the WWAN
module at or below the target transmit power.

[0013] Another aspect relates to a wireless communications apparatus. The
wireless communications apparatus can include a WWAN module. The wireless
communications apparatus can further include a memory that retains instructions related
to selecting a target transmit power for the WWAN module based upon a received input
pertaining to temperature, cooperating with a base station to coordinate a transition to
the selected target transmit power, and transmitting data with the WWAN module at or
below the target transmit power. Moreover, the wireless communications apparatus can
include a processor, coupled to the memory, configured to execute the instructions
retained in the memory.

[0014] Yet another aspect relates to a wireless communications apparatus that
enables throttling transmit power for a WWAN module as a function of thermal related
conditions in a wireless communication environment. The wireless communications
apparatus can include means for adjusting a target transmit power utilized by a WWAN
module based upon a temperature related input. Moreover, the wireless
communications apparatus can include means for negotiating with a base station to
select an updated class to be used by the WWAN module when the adjusted target
transmit power is outside of a range set forth by a previously allocated class. Further,
the wireless communications apparatus can include means for negotiating with the base
station to select an updated operating mode to be employed by the WWAN module
when the updated class is determined to be insufficient for the WWAN module.
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[0015] Still another aspect relates to a computer program product that can
comprise a computer-readable medium. The computer-readable medium can include
code for determining a target transmit power for a WWAN module by evaluating a pre-
programmed setpoint minus thermal algorithm adjustments. Further, the computer-
readable medium can include code for comparing a temperature detected by the WWAN
module to a threshold temperature. Moreover, the computer-readable medium can
comprise code for lowering the target transmit power by a predetermined amount when
the temperature detected by the WWAN module exceeds the threshold temperature.
[0016] In accordance with another aspect, an apparatus in a wireless
communication system can include a processor, wherein the processor can be
configured to alter a target transmit power utilized by a WWAN module based upon a
temperature related input. Moreover, the processor can be configured to negotiate with
a base station to select an updated class to be used by the WWAN module when the
altered target transmit power is outside of a range set forth by a previously allocated
class. Further, the processor can be configured to negotiate with the base station to
select an updated operating mode to be employed by the WWAN module when the
updated class is determined to be insufficient for the WWAN module.

[0017] According to other aspects, a method that facilitates coordinating
WWAN module transmit power alterations based upon thermal input in a wireless
communication environment is described herein. The method can include receiving
data sent from a WWAN module at or below a first target transmit power level.
Further, the method can include negotiating with the WWAN module to coordinate a
transition to a second target transmit power level, the transition to the second target
transmit power level being a function of a temperature related input obtained by the
WWAN module. Moreover, the method can comprise receiving data sent from the
WWAN module at or below the second target transmit power level subsequent to the
transition.

[0018] Yet another aspect relates to a wireless communications apparatus that
can include a memory that retains instructions related to coordinating a transition from a
first target transmit power level to a second target transmit power level to be used by a
WWAN module, the transition being based upon a temperature related input obtained
by the WWAN module, and obtaining data sent from the WWAN module at or below

the second target transmit power level subsequent to the transition. Further, the wireless
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communications apparatus can comprise a processor, coupled to the memory,
configured to execute the instructions retained in the memory.

[0019] Another aspect relates to a wireless communications apparatus that
enables coordinating control of transmit power employed by a WWAN module as a
function of thermal input in a wireless communication environment. The wireless
communications apparatus can include means for negotiating with a WWAN module to
select an updated class to be used by the WWAN module when an adjusted target
transmit power to be used by the WWAN module is outside of a range set forth by a
previously allocated class. Moreover, the wireless communications apparatus can
include means for negotiating with the WWAN module to select an updated operating
mode to be employed by the WWAN module when the updated class is determined to
be insufficient for the WWAN module. Further, the wireless communications apparatus
can comprise means for receiving data sent via the WWAN module utilizing a transmit
power equal to or less than the adjusted target transmit power.

[0020] Still another aspect relates to a computer program product that can
comprise a computer-readable medium. The computer-readable medium can include
code for negotiating with a WWAN module to identify an updated class to be used by
the WWAN module when an adjusted target transmit power to be used by the WWAN
module is outside of a range set forth by a previously allocated class. Further, the
computer-readable medium can comprise code for negotiating with the WWAN module
to determine an updated operating mode to be employed by the WW AN module when
the updated class is determined to be insufficient for the WWAN module. Moreover,
the computer-readable medium can include code for receiving data sent via the WWAN
module utilizing a transmit power equal to or less than the adjusted target transmit
power.

[0021] In accordance with another aspect, an apparatus in a wireless
communication system can include a processor, wherein the processor can be
configured to receive data sent from a WWAN module at or below a first target transmit
power level. Further, the processor can be configured to negotiate with the WWAN
module to coordinate a transition to a second target transmit power level, the transition
to the second target transmit power level being a function of a temperature related input

obtained by the WWAN module. Moreover, the processor can be configured to receive



WO 2010/129667 PCT/US2010/033718

data sent from the WWAN module at or below the second target transmit power level
subsequent to the transition.

[0022] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments can be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is an illustration of a wireless communication system in
accordance with various aspects set forth herein.
[0024] FIG. 2 is an illustration of an example system that throttles transmit
power based upon thermal input in a wireless communication environment.
[0025] FIG. 3 is an illustration of an example block diagram that depicts input(s)
and output(s) of a thermal manager utilized in connection with a WWAN device in a
wireless communication environment.
[0026] FIG. 4 is an illustration of an example system that coordinates throttling
of access terminal transmit power in a wireless communication environment.
[0027] FIG. 5 is an illustration of an example system that depicts a configuration
that can be employed in connection with the claimed subject matter.
[0028] FIG. 6 is an illustration of an example methodology that facilitates
throttling transmit power of a WWAN module in a wireless communication
environment.
[0029] FIG. 7 is an illustration of an example methodology that facilitates
gradually altering transmit power of a WWAN module in a wireless communication
environment.
[0030] FIG. 8 is an illustration of an example methodology that facilitates
coordinating WWAN module transmit power alterations based upon thermal input in a

wireless communication environment.
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[0031] FIG. 9 is an illustration of an example access terminal that employs
transmit power throttling based upon thermal conditions in a wireless communication
System.

[0032] FIG. 10 is an illustration of an example system that coordinates changes
in power class and/or operating mode of an access terminal based upon thermal input in
a wireless communication environment.

[0033] FIG. 11 is an illustration of an example wireless network environment
that can be employed in conjunction with the various systems and methods described
herein.

[0034] FIG. 12 is an illustration of an example system that enables throttling
transmit power for a WWAN module as a function of thermal related conditions in a
wireless communication environment.

[0035] FIG. 13 is an illustration of an example system that enables coordinating
control of transmit power employed by a WWAN module as a function of thermal input

in a wireless communication environment.

DETAILED DESCRIPTION
[0036] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing one or more embodiments.

2% ¢ 2% ¢

[0037] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component can be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component can be localized on

one computer and/or distributed between two or more computers. In addition, these
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components can execute from various computer readable media having various data
structures stored thereon. The components can communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).

[0038] The techniques described herein can be used for various wireless
communication systems such as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-frequency division
multiple access (SC-FDMA), time division-synchronous code division multiple access
(TD-SCDMA), and other systems. The terms “system” and “network” are often used
interchangeably. A CDMA system can implement a radio technology such as Universal
Terrestrial Radio Access (UTRA), CDMA2000, ezc. UTRA includes Wideband-CDMA
(W-CDMA) and other variants of CDMA. CDMAZ2000 covers IS-2000, IS-95 and IS-
856 standards. A TDMA system can implement a radio technology such as Global
System for Mobile Communications (GSM). An OFDMA system can implement a
radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB),
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA
and E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP
Long Term Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA,
which employs OFDMA on the downlink and SC-FDMA on the uplink.

[0039] Single carrier frequency division multiple access (SC-FDMA) utilizes
single carrier modulation and frequency domain equalization. SC-FDMA has similar
performance and essentially the same overall complexity as those of an OFDMA
system. A SC-FDMA signal has lower peak-to-average power ratio (PAPR) because of
its inherent single carrier structure. SC-FDMA can be used, for instance, in uplink
communications where lower PAPR greatly benefits access terminals in terms of
transmit power efficiency. Accordingly, SC-FDMA can be implemented as an uplink
multiple access scheme in 3GPP Long Term Evolution (LTE) or Evolved UTRA.
[0040] Furthermore, various embodiments are described herein in connection
with an access terminal. An access terminal can also be called a system, subscriber unit,

subscriber station, mobile station, mobile, remote station, remote terminal, mobile
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device, user terminal, terminal, wireless communication device, user agent, user device,
or user equipment (UE). An access terminal can be a cellular telephone, a cordless
telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station. A base station can be utilized for communicating with access
terminal(s) and can also be referred to as an access point, Node B, Evolved Node B
(eNodeB) or some other terminology.

[0041] Moreover, various aspects or features described herein can be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, ezc.).
Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
[0042] Referring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100
comprises a base station 102 that can include multiple antenna groups. For example,
one antenna group can include antennas 104 and 106, another group can comprise
antennas 108 and 110, and an additional group can include antennas 112 and 114. Two
antennas are illustrated for each antenna group; however, more or fewer antennas can be
utilized for each group. Base station 102 can additionally include a transmitter chain
and a receiver chain, each of which can in turn comprise a plurality of components
associated with signal transmission and reception (e.g., processors, modulators,
multiplexers, demodulators, demultiplexers, antennas, etc.), as will be appreciated by

one skilled in the art.
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[0043] Base station 102 can communicate with one or more access terminals
such as access terminal 116 and access terminal 122; however, it is to be appreciated
that base station 102 can communicate with substantially any number of access
terminals similar to access terminals 116 and 122. Access terminals 116 and 122 can
be, for example, cellular phones, smart phones, laptops, handheld communication
devices, handheld computing devices, satellite radios, global positioning systems,
PDAs, and/or any other suitable device for communicating over wireless
communication system 100. As depicted, access terminal 116 is in communication with
antennas 112 and 114, where antennas 112 and 114 transmit information to access
terminal 116 over a forward link 118 and receive information from access terminal 116
over a reverse link 120. Moreover, access terminal 122 is in communication with
antennas 104 and 106, where antennas 104 and 106 transmit information to access
terminal 122 over a forward link 124 and receive information from access terminal 122
over a reverse link 126. In a frequency division duplex (FDD) system, forward link 118
can utilize a different frequency band than that used by reverse link 120, and forward
link 124 can employ a different frequency band than that employed by reverse link 126,
for example. Further, in a time division duplex (TDD) system, forward link 118 and
reverse link 120 can utilize a common frequency band and forward link 124 and reverse
link 126 can utilize a common frequency band.

[0044] Each group of antennas and/or the area in which they are designated to
communicate can be referred to as a sector of base station 102. For example, antenna
groups can be designed to communicate to access terminals in a sector of the arcas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 can utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for access terminals 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to access terminals 116 and 122
scattered randomly through an associated coverage, access terminals in neighboring
cells can be subject to less interference as compared to a base station transmitting
through a single antenna to all its access terminals.

[0045] Access terminals 116 and 122 can each be a Wireless Wide Arca
Network (WWAN) device (e.g., WWAN module, ...) employed in conjunction with a
computing device (e.g., notebook computer, handheld computer, personal digital

assistant (PDA), ...); yet, it is appreciated that the claimed subject matter is not so
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limited. For instance, the WWAN device can be embedded in, removeably connectable
to, etc. the computing device. According to another example, the WWAN device can be
a 3G modem (e.g., 3G module, ...). By way of a further example, the WWAN device
can be a Wideband Code Division Multiple Access (WCDMA) WWAN device. It is to
be appreciated, however, that the claimed subject matter is not limited to the
aforementioned examples.

[0046] The WWAN device can alter a temperature of the computing device with
which it is employed. By way of illustration, when the computing device and
corresponding WWAN device are positioned on an edge of a cell, the WWAN device
commonly transmits at a maximum power to enable a signal to reach base station 102.
The byproduct of transmitting at maximum power is generation of a maximum amount
of thermal energy. Further, the associated computing device can be sensitive to this
thermal energy introduced by the WWAN device. To compensate for changes in
thermal energy, thermal models can be used to identify temperature(s) inside the
computing device, types/characteristics of fans to incorporate therein, airflow design,
and the like. Thus, thermal characteristics can be a key design consideration due to
deleterious effects upon components of the computing device resultant from increases
(or decreases) in ambient temperature to which the computing device is exposed.

[0047] Conventional techniques to address the impact of thermal energy
introduced by the WWAN device oftentimes involve having the WWAN device behave
in a manner similar to a Wireless Local Area Network (WLAN) device. In particular,
when operating similarly to the WLAN device, such conventional WWAN device can
be designed to unilaterally reduce its transmit power if it reaches a threshold
temperature, where reduction in the transmit power can reduce the amount of thermal
energy outputted into the associated computing device. However, numerous differences
between WWAN devices and WLAN devices lead to these conventional techniques
being improper for utilization in connection with WWAN devices. For instance,
WLAN devices operate in the unlicensed spectrum, while WWAN devices operate in
the licensed spectrum, and behavior of WLAN networks is not regulated nearly as much
as WWAN networks. By way of further example, transmit power of a WWAN device
can typically be a function of distance from base station 102; the WWAN device can be
notified by the network (e.g., via base station 102, utilizing an over-the-air protocol, ...)

to transmit at a given transmit power. The transmit power of ecach WWAN device (e.g.,



WO 2010/129667 PCT/US2010/033718

13

for code division multiple access (CDMA), ...) can be governed to balance power
densities at base station 102 corresponding to a plurality of WWAN devices throughout
the network. Thus, base station 102 can notify a first WWAN device, which is
positioned close to base station 102, to transmit at a lower power level as compared to a
second WWAN device, which is positioned far from base station 102. Hence, common
techniques that enable the WWAN device to alter its transmit power without
coordination with base station 102 can negatively impact overall system operability.
[0048] In contrast, system 100 leverages coordination between a WWAN device
and base station 102 to adjust a target transmit power level of the WWAN device based
upon considerations of thermal energy (e.g., experienced by the WWAN device and/or
corresponding computing device, ...). For example, an over-the-air protocol can enable
the WWAN device to change an output power class employed thereby via
communicating over the air with base station 102. Thus, the network can yield
permission for the WWAN device to adjust its output power class rather than allowing
the WWAN device to unilaterally change a target transmit power employed thereby
without cooperation from the network when attempting to alleviate an impact of thermal
energy.

[0049] According to an example, the WWAN device itself can detect a
temperature (e.g., ambient temperature, temperature of the WWAN device, temperature
of the computing device, ...). Additionally or alternatively, a thermal measurement
device external to the WWAN device can detect the temperature and send a signal
related to the detected temperature to the WWAN device (e.g., the computing device
corresponding to the WWAN device can include a thermal measurement device to
detect the temperature, a thermal measurement device that is separate from the WWAN
device and corresponding computing device can be employed, ...). Thus, for instance,
when the thermal measurement device is separate from the WWAN device, a
communications path from the thermal measurement device and/or the computing
device to the WWAN device can be leveraged to transfer temperature related
information to the WWAN device.

[0050] Moreover, the temperature measurement and/or the temperature related
information supplied by the external source (e.g., the thermal measurement device, the
computing device, ...) can act as a trigger to enable the WWAN device to negotiate a

different output power level with base station 102. For example, if the WWAN device
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recognizes that the temperature is above a threshold and/or is informed that the
temperature is above the threshold, then the WWAN device can negotiate with base
station 102 to lower the target transmit power level used by the WWAN device to
communicate with base station 102. By way of further illustration, if the WWAN
device recognizes that the temperature is below a threshold and/or is informed that the
temperature is below the threshold, then the WWAN device can negotiate with base
station 102 to raise the target transmit power level used by the WWAN device.
Accordingly, closed loop control can be employed to alter the target transmit power
level as a function of measured temperature.

[0051] Now referring to Fig. 2, illustrated is a system 200 that throttles transmit
power based upon thermal input in a wireless communication environment. System 200
includes an access terminal 202 that can transmit and/or receive information, signals,
data, instructions, commands, bits, symbols, and the like. Access terminal 202 can
communicate with a base station 204 via the forward link and/or reverse link. Base
station 204 can transmit and/or receive information, signals, data, instructions,
commands, bits, symbols, and the like. Moreover, although not shown, it is
contemplated that any number of access terminals similar to access terminal 202 can be
included in system 200 and/or any number of base stations similar to base station 204
can be included in system 200. Further, it is to be appreciated that access terminal 202
can be a WWAN device coupled with a computing device; however, the claimed subject
matter is not so limited.

[0052] Access terminal 202 includes a thermal manager 206 and a transmitter
208. Thermal manager 206 can control target transmit power employed by transmitter
208 based at least in part upon thermal input. Further, thermal manager 206 can
negotiate with an access terminal power negotiator 210 of base station 204 to select at
least one of a target transmit power level, a class (e.g., power class, Multi Slot Class,
...), amode (e.g., type of technology, ...), or frequency band to be employed when
sending transmissions with transmitter 208. Thermal manager 206 can gradually adjust
target transmit power (e.g., up or down) based upon considerations of temperature; in
contrast, conventional techniques oftentimes manage temperature by inhibiting a data
connection (e.g., stopping transmission of data, inhibiting operation of the WWAN
device, ...), which leads to significant performance degradation. Pursuant to an

example, the term “target transmit power” can refer to a maximum transmit power that
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can be employed by transmitter 208 of access terminal 202 given a certain thermal
condition; accordingly, transmitter 208 can send data at or below such maximum
transmit power. However, it is contemplated that the term “target transmit power” is
not limited to being a maximum transmit power; instead, the term “target transmit
power” can refer to a minimum transmit power, an average transmit power, or any other
transmit power.

[0053] As described herein, the terms “negotiation” and “negotiating” can
involve access terminal 202 transmitting a message that signals a change in capabilities
(e.g., adjustment in target transmit power level, class, mode, frequency band, ...) to base
station 204 and, in response, base station 204 can either ignore the message sent by
access terminal 202 or acknowledge the message, which implies that the requested
change has been granted. For example, negotiation by access terminal 202 can include
sending a message that signals a change in capabilities to base station 204 and
monitoring for an acknowledgement in response to the message that indicates that the
change has been granted by base station 204; however, the claimed subject matter is not
so limited.

[0054] Thermal manager 206 can include temperature measurement device(s)
and/or receive temperature measurement information from substantially any type of
temperature measurement device(s). Examples of a temperature measurement device
that can be utilized in connection with thermal manager 206 include a thermometer, a
thermistor, a resistance temperature detector (RTD), a pyrometer, and so forth; yet, it is
to be appreciated that any type of temperature measurement device is intended to fall
within the scope of the heretoappended claims.

[0055] Further, thermal manager 206 can provide intelligence that can detect a
temperature, compare a temperature to a threshold, identify a target transmit power
level, class (e.g., power class, Multi Slot Class, ...), mode, band, efc. to be employed by
transmitter 208, and/or communicate with access terminal power negotiator 210 of base
station 204 to negotiate transitioning to the target transmit power level, class, mode,
band, efc. Moreover, thermal manager 206 can continually monitor temperature to
detect temperature changes due to adjustments in power level and/or changes in any
environmental conditions. Accordingly, based upon the detected temperature changes,
thermal manager 206 can identify and/or negotiate to transition to a disparate target

transmit power level, class, mode, band, efc. Thus, a temperature measurement
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associated with access terminal 202 can be used to trigger a mechanism to adjust target
transmit power used by transmitter 208 of access terminal 202 via cooperation with base
station 204.

[0056] For example, if thermal manager 206 is included in a WWAN device, a
temperature measuring algorithm (e.g., retained in firmware and/or software associated
therewith, ...) can be employed to detect, analyze, and/or employ a temperature of the
WWAN device itself, a temperature within a computing device (e.g., if the WWAN
device is positioned within the computing device, ...), and the like. Additionally or
alternatively, thermal manager 206 can obtain input(s) supplied from disparate
source(s), where such input(s) can be yielded by implementing a temperature measuring
algorithm included in software, firmware, etc. of the computing device, a disparate
device, and/or the like. Hence, the temperature measuring algorithm can be included in
a device driver, third party software, and so forth. It is to be appreciated, however, that
the claimed subject matter is not limited to the aforementioned examples.

[0057] Moreover, thermal manager 206 can receive computing device supplied
input(s) that can be used to trigger adjustment to a target transmit power level, class,
mode, band, efc. For example, the computing device can use a device interface
command such as an attention (AT) command, a Mobile Station Modem (MSM)
Interface command, a diagnostic (Diag) command, or the like. By using such
commands, the computing device can provide an instruction to the WWAN device (e.g.,
thermal manager 206 of the WWAN device, ...) that a temperature associated with the
computing device is above a threshold (e.g., the computing device is too hot, ...).
Thereafter, the WWAN device (e.g., via employing thermal manager 206, ...) can use
protocol mechanisms (e.g., from 3GPP, ...) to reduce the output power, thereby
lowering the amount of heat emitted by the WWAN device, for instance.

[0058] The following illustrates an example that can be implemented utilizing
thermal manager 206 of a WWAN device. A computing device can instruct the
WWAN device that it is too hot. Thereafter, the WWAN device can dynamically lower
its class. Further, the WWAN device can inform the network of the change with a UE
CAPABILITY INFORMATION command. Moreover, the WWAN device can receive
TRANSPORT FORMAT COMBINATION CONTROL commands that enable lower
data rates to be selected from the lower class. Lower data rates can correlate to reduced

output power/thermal power. In a similar fashion, the computing device can instruct the
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WWAN device that is has reach a sufficiently cool temperature. Thus, the WWAN
device can dynamically change its class. The WWAN device can inform the network of
the change with the UE CAPABILITY INFORMATION command. Moreover, the
WWAN device can receive TRANSPORT FORMAT COMBINATION CONTROL
commands that enable higher data rates to be selected from the higher class.
Additionally, the WWAN device can perform hysteresis to avoid excessive throttling
between classes. Accordingly, the thermal energy reduced by the WWAN device can
be lowered, thereby enabling the computing device to function better. Moreover, the
mechanism can use existing standard over-the-air mechanisms; however, the claimed
subject matter is not so limited.

[0059] Now referring to Fig. 3, illustrated is a block diagram 300 that depicts
input(s) and output(s) of a thermal manager 206 utilized in connection with a WWAN
device in a wireless communication environment. For instance, thermal manager 206
can be included within the WWAN device; however, it is to be appreciated that at least
a portion of thermal manager 206 can be separate from the WWAN device. The
following provides an illustration of example inputs that can be provided to thermal
manager 206 and example outputs that can be yielded from thermal manager 206. It is
to be appreciated that a subset of such inputs and/or outputs described herein can be
leverage in connection with thermal manager 206. Moreover, it is contemplated that
disparate input(s) and/or output(s) other than those illustrated can be utilized in
conjunction with thermal manager 206, and are intended to fall within the scope of the
claimed subject matter.

[0060] Various inputs can be provided to thermal manager 206. For instance, a
temperature can be inputted to thermal manager 206. The temperature can be gauged by
a device such as a thermometer, a thermistor, a resistance temperature detector (RTD), a
pyrometer, or a similar type of device that can measure temperature.

[0061] According to another illustration, a current operating mode can be
inputted to thermal manager 206. Examples of operating modes can be Wideband Code
Division Multiple Access (WCDMA), Code Division Multiple Access (CDMA),
Enhanced Data rates for GSM Evolution (EDGE), CDMA2000, General Packet Radio
Service (GPRS), and so forth. However, the claimed subject matter is not limited to

these example operating modes.
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[0062] Pursuant to another example, notebook (e.g., computing device) supplied
input can be provided to thermal manager 206. The WWAN device, which includes
thermal manager 206, and the computing device (e.g., notebook computer, ...) can have
a communication path there between. For instance, a System Management Bus
(SMBus) can be used by the computing device to send notebook supplied input to the
WWAN device. The SMBus can be a bus that includes dedicated pins on the WWAN
device. Additionally or alternatively, a Universal Serial Bus (USB) can be employed to
transfer notebook supplied input to the WWAN device. Moreover, it is contemplated
that any disparate type of connection (e.g., wired and/or wireless) can be used between
the computing device and the WWAN device. The notebook supplied input provided
by the computing device can use a device interface command such as an AT command,
a MSM Interface command, a Diag command, or the like. According to an illustration,
the computing device can measure temperature and/or recognize whether the measured
temperature exceeds a threshold. Further, the computing device can determine that the
WWAN device is a significant contributor to the overheating, and thus, can transmit the
notebook supplied input to the WWAN device to request modified behavior that can
cause reduction in thermal output.

[0063] By way of a further example, thermal manager 206 can obtain an
alternate technology input. For instance, a disparate module (e.g., associated with the
computing device, ...) that employs a disparate type of technology can send an input to
thermal manager 206 that requests the WWAN device to lower its thermal output when
such module is being negatively impacted (e.g., due to the temperature, ...). The
disparate type of technology utilized by the disparate module can be, for example, WiFi,
WiMax, etc. It is contemplated that the WWAN device and the disparate module can be
incorporated into a common card and/or on disparate cards (e.g., cards associated with
the WWAN device and the disparate module can be in proximity to each other, ...).
[0064] Thermal manager 206 can yield one or more outputs that can affect the
thermal output corresponding to the WWAN device. The outputs can include transmit
(TX) output power control, class control and mode control. The TX output power
control can change the power of the signal that is produced over the air. For instance, a
mechanism for reducing the thermal power that the WWAN device yields can be to
reduce an amount of radiant transmit power that the WWAN device outputs. Moreover,

the class control can be a negotiation mechanism that can be leveraged with the network
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(e.g., via access terminal power negotiator 204 of Fig. 2, ...) to permit the WWAN
device to alter its class, which can lead to reducing outputted thermal power. Further,
the mode control can be a negotiation mechanism that can be utilized to switch between
operating modes. For instance, each operating mode can have different thermal
characteristics; thus, changing the operating mode utilized by the WWAN device can
result in altering the outputted thermal power.

[0065] Turning to Fig. 4, illustrated is a system 400 that coordinates throttling of
access terminal transmit power in a wireless communication environment. System 400
includes access terminal 202 and base station 204. Access terminal 202 can include
thermal manager 206 and transmitter 208, and base station 204 can include access
terminal power negotiator 210.

[0066] Thermal manager 206 can further include a power level controller 402, a
class negotiator 404, and a mode negotiator 406. Power level controller 402 can
determine a target transmit power to be utilized by transmitter 208 when a WWAN
module is initiated and transmitter 208 is activated. Moreover, power level controller
402 can yield a transmit output power control signal that can be provided to transmitter
208 to manage the target transmit power level. Temperature can increase as the
WWAN module utilizes transmitter 208 to send transmissions at or below a given target
transmit power. Accordingly, thermal manager 206 can track the temperature
associated with the WWAN module (e.g., by utilizing a temperature detecting sensor,
...) to determine, for instance, whether the temperature has risen to a level that violates
a specification (e.g., outside of an operating range set forth for the WWAN module,
component(s) of an associated computing device, ...), reduces performance of the
WWAN module in a manner that violates a standard, or the like. Thus, when thermal
manager 206 recognizes that the temperature is above a threshold, power level
controller 402 can lower the target transmit power allowed for use by transmitter 208.
By way of illustration, power level controller 402 can lower the target transmit power
by Y dB utilizing a linear scale, where Y can be a real number; thus, when the
temperature is above the threshold, power level controller 402 can decrease the target
transmit power nearly linearly as a function of the temperature increase above the
threshold. Power level controller 402 can decrease the target transmit power within a
range corresponding to a power class allocated to access terminal 202, where the power

class can specify a minimum transmit power (and/or a maximum transmit power) that
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can be utilized by access terminal 202 for such power class. A standard can set the
minimum transmit power (and/or the maximum transmit power) that can be used for a
power class. For example, the minimum transmit power in a given power class in
CDMA can be 23 dBm; thus, if power level controller 402 determines that the target
transmit power should be below 23 dBm while in this given power class, then the power
class can be changed (e.g., utilizing class negotiator 404 as further described below, ...)
to remain standard compliant. Alternatively, if power level controller 402 identifies a
target transmit power to be utilized that is above 23 dBm while in this given power
class, then the power class need not be altered. Moreover, power level controller 402
can increase the target transmit power within the range corresponding to the allocated
power class as the temperature decreases. Accordingly, the terms “maximum transmit
power” and “minimum transmit power” can refer to a maximum or minimum power
level that can be used by access terminal 202 while employing a given power class.
Further, the term “target transmit power” can be a power level chosen by power level
controller 402 for utilization in connection with access terminal 202 based upon a
certain thermal condition. For instance, power level controller 402 can select a target
transmit power that falls within a range defined by a maximum transmit power and a
minimum transmit power for a particular power class used by access terminal 202.
[0067] Once a power class threshold is reached (e.g., power level controller 402
selects a target transmit power level that is outside of a range associated with the given
power class, ...), class negotiator 404 and/or mode negotiator 406 can negotiate with
base station 204 (e.g., access terminal power negotiator 210, ...) to alter the class and/or
mode, respectively. More particularly, access terminal power negotiator 210 of base
station 204 can further include a class negotiator 408 and a mode negotiator 410. Thus,
class negotiator 404 of access terminal 202 and class negotiator 408 of base station 204
can cooperate to select an appropriate class for access terminal 202 to employ. It is to
be appreciated that the class selected by class negotiator 404 and class negotiator 408
can be a power class, a Multi Slot Class, or the like for utilization by access terminal
202; accordingly, the term “class” as utilized herein can refer to a power class, a Multi
Slot Class, a combination of power class and Multi Slot Class, or any disparate type of
class. Moreover, mode negotiator 406 of access terminal 202 and mode negotiator 410
of base station can coordination choosing an appropriate mode for use by access

terminal 202.
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[0068] For example, when power level controller 402 identifies a target transmit
power level to be utilized which is below the range associated with the power class
allocated to access terminal 202, class negotiator 404 can cooperate with base station
204 (e.g., class negotiator 408, ...) to switch to a lower power class. Class negotiators
404 and 408 can decide upon a power class for utilization by access terminal 202 while
employing CDMA or WCDMA, for example. Hence, pursuant to the example where a
given CDMA class can allow a minimum transmit power of 23 dBm, when power level
controller 402 determines that the target transmit power level should be below 23 dBm,
mode negotiators 404 and 408 can communicate to transition access terminal 202 to a
lower power class (e.g., with a lower corresponding minimum transmit power
permitted, ...). By way of another example, class negotiators 404 and 408 can
cooperatively transition between Multi Slot Classes for use by access terminal 202 (e.g.,
based upon target transmit power levels identified by power level controller 402, ...).
Multi Slot Classes can be utilized in connection with GSM, GPRS, EDGE, and so forth.
For instance, the Multi Slot Class can specify a number of slots that can be used by
access terminal 202 for transmission; the number of slots used for transmission and the
heat dissipated can be directly correlated. Thus, when the temperature is determined to
be too high, the number of slots used for transmission can be decreased (e.g., from 4 to
2, from 2 to 1, ...) by class negotiators 404 and 408 selecting a disparate Multi Slot
Class for employment by access terminal 202.

[0069] Moreover, mode negotiators 406 and 410 can cooperatively select a
mode for utilization by access terminal 202. For instance, there can be a lower limit in
terms of power class that can be chosen by class negotiators 404 and 408 (e.g., 1 slot
when employing GPRS, reasonable power class for WCDMA or CDMA, ...), and, upon
reaching that lower limited, mode negotiators 406 and 410 can switch modes for use by
access terminal 202. When this lower limit is reached, mode negotiators 406 and 410
can change the mode, for example, from WCDMA (or CDMA) to EDGE; it is to be
appreciated that any change in mode can be utilized by mode negotiators 406 and 410
depending upon thermal impact of such modes (e.g., EDGE can have a lower thermal
impact as compared to WCDMA or CDMA, ...). Moreover transitioning of modes can
include switching between utilization of different components of access terminal 202;

thus, a first component that was previously hot can be switched off, while a second
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component that was previously off can be turned on, thereby allowing the first
component to cool down.

[0070] Thermal manager 206 can also receive external inputs (e.g., from the
associated computing device, from alternate technology modules, ...) that can initiate
changing the power level, class and/or mode. Alterations by power level controller 402,
class negotiator 404 and/or mode negotiator 406 as described above can be yielded
when thermal manager 206 obtains these external inputs. Thus, such changes can result
from the external inputs provided to thermal manager 206 and/or temperature
measurements collected by thermal manager 206.

[0071] An example of an external input is a computing device supplied request
(e.g., notebook request, ...). For instance, heat sensitive component(s) of the computing
device can be positioned underneath the WWAN module and the computing device can
monitor temperature of these component(s); if the temperature of such component(s) is
recognized as being too high, then the computing device can send a request to thermal
manager 206 (e.g., via SMBus, AT command, any communication channel, ...) noting
the temperature, indicating that the temperature is too high and/or requesting that the
target transmit power of the WWAN module be reduced. Accordingly, power level
controller 402, class negotiator 404, and/or mode negotiator 406 can alter the power
level, class and/or mode in response as described above.

[0072] In accordance with another illustration, an alternate technology module
(e.g., WiFi module, WiMax module, ...) can supply an input to thermal manager 206
that can be leveraged to adjust the power level, class, and/or mode. For instance, a WiFi
or WiMax module can share a physical card with the WWAN module. Additionally or
alternatively, the WiFi or WiMax module and WWAN module can be on disparate
physical cards that are within proximity of one another. The WWAN module and the
alternate technology module can both generate heat. Further, a communication path
between these modules can be leveraged to communicate information about
temperature, target transmit power, and so forth there between. Hence, thermal
manager 402 can compensate for heat being yielded from the WWAN module as well as
the alternate technology module (e.g., which can be identified based upon received
information from the alternate technology module, ...).

[0073] Now referring to Fig. 5, illustrated is an example system 500 that depicts

a configuration that can be employed in connection with the claimed subject matter. It
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is to be appreciated, however, that the claimed subject matter is not limited to this
example configuration. System 500 includes a computing device 502 (e.g., notebook
computer, ...), a WWAN module 504 and thermal manager 206 as described herein. As
shown, computing device 502 can include WWAN module 504 (e.g., WWAN module
504 can be part of computing device 502, ...), which can further include thermal
manager 206 (e.g., thermal manager 206 can be part of WWAN module 504, ...).
According to this example, WWAN module 504 can be incorporated directly into a
socket that resides on a motherboard of computing device 502, for instance.
Alternatively, WWAN module 504 can be removeably connectable with computing
device 502 (e.g., WWAN module 504 can have an express card form factor, WWAN
module 504 can be coupled to computing device 502, ...). It is contemplated that any
disparate configuration that differs from the configuration shown in Fig. 5 can
alternatively be leveraged (e.g., WWAN module 504 can be at least partially separate
from computing device 502, thermal manager 206 can be at least partially separate from
WWAN module 504, thermal manager 206 can be coupled to WWAN module 504, ...).
[0074] Referring to Figs. 6-8, methodologies relating to throttling transmit
power in a WWAN device based upon thermal input in a wireless communication
environment are illustrated. While, for purposes of simplicity of explanation, the
methodologies are shown and described as a series of acts, it is to be understood and
appreciated that the methodologies are not limited by the order of acts, as some acts can,
in accordance with one or more embodiments, occur in different orders and/or
concurrently with other acts from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a methodology could alternatively
be represented as a series of interrelated states or events, such as in a state diagram.
Moreover, not all illustrated acts can be required to implement a methodology in
accordance with one or more embodiments.

[0075] With reference to Fig. 6, illustrated is a methodology 600 that facilitates
throttling transmit power of a WWAN module in a wireless communication
environment. At 602, a target transmit power to be utilized by a WWAN module can be
determined as a function of an obtained temperature related input. For instance, the
temperature related input can be at least one of a detected temperature or a temperature
related input from an external source. The WWAN module can be included in a

computing device (e.g., notebook computer, ...), removeably connectable to the
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computing device, or the like. The WWAN module can employ a transmit power equal
to or less than the target transmit power for sending data, and the target transmit power
can be chosen to account for thermal conditions experienced while the target transmit
power is utilized. Moreover, the target transmit power can be selected based upon an
amount that the detected temperature is above a threshold temperature. By way of
another example, when the detected temperature is recognized to be greater than the
threshold temperature, then the target transmit power can be lowered by a
predetermined amount. Thereafter, the temperature can be measured again, compared
to the threshold temperature, and the target transmit power can be lowered by the
predetermined amount if the temperature remains above the threshold temperature; the
aforementioned can be further repeated until the measured temperature falls below the
threshold temperature. Additionally, the external source can be the computing device,
an alternative technology module (e.g., WiFi module, WiMax module, ...), etc. Thus,
the external source can provide the temperature related input, which can include a
request to lower the target transmit power, a temperature measurement yielded by the
external source, or the like.

[0076] At 604, negotiations with a base station can be effectuated to coordinate
a transition to the target transmit power. For example, a class (e.g., power class and/or
Multi Slot Class, ...) can be negotiated with the base station. Following this example, if
the target transmit power falls outside of a range associated with a given class (e.g.,
given power class or Multi Slot Class, ...) allocated to the WWAN module, then a
disparate class (e.g., disparate power class or Multi Slot Class, ...) can be cooperatively
selected for the WWAN module via negotiation with the base station. By way of
illustration, if the target transmit power is less than a minimum transmit power as
specified by an allocated class, then a lower class can be selected for the WWAN
module through negotiation with the base station. Similarly, if the target transmit
power is greater than a maximum transmit power as set forth by the allocated class, then
a higher class can be cooperatively chosen for the WWAN module via negotiation.
Moreover, an operating mode can be chosen for employment by the WW AN module via
negotiation with the base station. Examples of operating modes can be Wideband Code
Division Multiple Access (WCDMA), Code Division Multiple Access (CDMA),
Enhanced Data rates for GSM Evolution (EDGE), CDMA2000, General Packet Radio

Service (GPRS), and so forth; however, the claimed subject matter is not limited to
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these example operating modes. According to an example, operating mode negotiation
can be effectuated upon determining that a lowest practical class has been allocated to
the WWAN module. Each of the operating modes can have corresponding thermal
characteristics; thus, to reduce temperature, negotiation with the base station can lead to
selecting to transition from WCDMA or CDMA to EDGE; yet, the claimed subject
matter is not so limited.

[0077] At 606, data can be sent via the WW AN module at or below the target
transmit power. For example, data can be sent below the target transmit power when
the WWAN module is located within close proximity of the base station, while data can
be sent at the target transmit power when the WWAN module is located at an edge of a
cell associated with the base station. Moreover, when class and/or operating mode
negotiations are effectuated, the data can be sent by the WWAN module by leveraging
the cooperatively selected class (power class or Multi Slot Class) and/or operating
mode. Further, although not shown, it is contemplated that the target transmit power
can be dynamically updated over time (e.g., increased or decreased), leading to sending
the data via the WWAN module utilizing the dynamically updated target transmit
power, dynamically updated class and/or dynamically updated operating mode.

[0078] Now turning to Fig. 7, illustrated is a methodology 700 that facilitates
gradually altering transmit power of a WWAN module in a wireless communication
environment. At 702, a maximum transmit power can be determined by a pre-
programmed setpoint minus thermal adjustments. At 704, a temperature detected by a
WWAN module can be compared to a threshold (e.g., X, where X can be a real number,
...). If the temperature is above the threshold, then the methodology 700 continues to
706. At 706, the maximum transmit power allowed can be reduced by Y dB (where Y
is a real number). According to an example, Y can be predetermined, adaptively
adjusted, etc. At 708, the maximum transmit power can be compared to a transmit
power allowed by a power class allocated to the WWAN module. If the maximum
transmit power is greater than the transmit power allowed by the power class, then the
methodology 700 returns to 704. If the maximum transmit power is less than the
transmit power allowed by the power class, then the methodology 700 continues to 710.
At 710, a lower power class or Multi Slot Class can be negotiated with a network. At
712, a determination can be effectuated as to whether the power class obtained by the

device (e.g., WWAN module, ...) is the lowest practical. If the power class obtained by
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the device is not the lowest practical power class, then the methodology 700 returns to
704. 1f the power class obtained by the device is the lowest practical power class, then
the methodology 700 continues to 714. At 714, a disparate mode or band can be
negotiated. By way of example, an operating mode can be changed from WCDMA to
EDGE; however, the claimed subject matter is not so limited. According to another
illustration, a band can be changed to switch from employing a first component to a
second component (e.g., if current operation is effectuated in the Personal
Communications Service (PCS) band, a switch can be made to the Cell band to reduce
temperature since a transition is made from a component that was on prior to the switch
to a component that was off prior to the switch, ...). Following this illustration, the
band can be changed from 1900 MHz to 850 MHz, for example; however, the claimed
subject matter is not so limited. From 714, the methodology 700 can return to 702.
[0079] At 704, if the temperature detected by the WWAN module is below the
threshold, then the methodology 700 can continue to 716. At 716, an evaluation
concerning whether a notebook request to lower thermal power has been obtained can
be effectuated. If a notebook request to lower thermal power has been received, then
the methodology 700 can continue to 706 to lower the maximum transmit power
allowed by Y dB. Otherwise, if a notebook request to lower thermal power has not been
received, then the methodology 700 can continue to 718. At 718, it can be determined
whether an alternate technology request to lower thermal power has been received. If
an alternate technology request to lower thermal power has been received, then the
methodology 700 can continue to 706 to lower the maximum transmit power allowed by
Y dB. Alternatively, if an alternate technology request to lower thermal power has not
been received, then the methodology 700 returns to 702.

[0080] Referring to Fig. 8, illustrated is a methodology 800 that facilitates
coordinating WWAN module transmit power alterations based upon thermal input in a
wireless communication environment. At 802, data sent from a WWAN module at or
below a first target transmit power level can be received. At 804, negotiation with the
WWAN module to coordinate a transition to a second target transmit power level can be
effectuated. For example, the transition to the second target transmit power level can be
a function of a temperature related input obtained by the WWAN module. According to
an illustration, the temperature related input obtained by the WWAN module can be at

least one of a temperature at the WWAN module or a temperature related external input
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obtained by the WWAN module. Further, a class (e.g., power class and/or Multi Slot
Class, ...) can be cooperatively selected together with the WWAN module via the
negotiation. By way of illustration, if the second target transmit power is lower than a
transmit power allowed by a first class allotted to the WWAN module, then a lower,
second class can be selected for the WWAN module. Moreover, an operating mode can
be cooperatively chosen with the WWAN module via the negotiation. For instance, if a
class chosen for the WWAN module through negotiation is not practical while
employing a first operating mode, then a second operating mode can be selected for the
WWAN module. At 806, data sent from the WWAN module at or below the second
target transmit power level can be received subsequent to the transition. Further, the
WWAN module can employ the second class and/or second operating mode
cooperatively identified through negotiation with the WWAN module.

[0081] It will be appreciated that, in accordance with one or more aspects
described herein, inferences can be made regarding throttling transmit power in a
WWAN module based upon thermal input in a wireless communication environment.
As used herein, the term to “infer” or “inference” refers generally to the process of
reasoning about or inferring states of the system, environment, and/or user from a set of
observations as captured via events and/or data. Inference can be employed to identify a
specific context or action, or can generate a probability distribution over states, for
example. The inference can be probabilistic—that is, the computation of a probability
distribution over states of interest based on a consideration of data and events.

Inference can also refer to techniques employed for composing higher-level events from
a set of events and/or data. Such inference results in the construction of new events or
actions from a set of observed events and/or stored event data, whether or not the events
are correlated in close temporal proximity, and whether the events and data come from
one or several event and data sources.

[0082] According to an example, one or more methods presented above can
include making inferences pertaining to determining a temperature, change in
temperature, temperature trend data, and so forth. By way of further illustration, an
inference can be made related to determining an anticipated impact of a transmit power
change upon heat dissipation, WWAN performance, performance of disparate
component(s) (e.g., component(s) of a computing device associated with the WWAN,

...), and the like. It will be appreciated that the foregoing examples are illustrative in
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nature and are not intended to limit the number of inferences that can be made or the
manner in which such inferences are made in conjunction with the various embodiments
and/or methods described herein.

[0083] Fig. 9 is an illustration of an access terminal 900 that employs transmit
power throttling based upon thermal conditions in a wireless communication system.
Access terminal 900 comprises a receiver 902 that receives a signal from, for instance, a
receive antenna (not shown), and performs typical actions thereon (e.g., filters,
amplifies, downconverts, etc.) the received signal and digitizes the conditioned signal to
obtain samples. Receiver 902 can be, for example, an MMSE receiver, and can
comprise a demodulator 904 that can demodulate received symbols and provide them to
a processor 906 for channel estimation. Processor 906 can be a processor dedicated to
analyzing information received by receiver 902 and/or generating information for
transmission by a transmitter 916, a processor that controls one or more components of
access terminal 900, and/or a processor that both analyzes information received by
receiver 902, generates information for transmission by transmitter 916, and controls
one or more components of access terminal 900.

[0084] Access terminal 900 can additionally comprise memory 908 that is
operatively coupled to processor 906 and that can store data to be transmitted, received
data, and any other suitable information related to performing the various actions and
functions set forth herein. Memory 908 can additionally store protocols and/or
algorithms associated with selecting transmit power levels to employ for transmissions
based upon thermal related inputs, negotiating changes corresponding to transmit
power, class and/or operating mode with a base station, and so forth.

[0085] It will be appreciated that the data store (e.g., memory 908) described
herein can be either volatile memory or nonvolatile memory, or can include both
volatile and nonvolatile memory. By way of illustration, and not limitation, nonvolatile
memory can include read only memory (ROM), programmable ROM (PROM),
electrically programmable ROM (EPROM), electrically erasable PROM (EEPROM), or
flash memory. Volatile memory can include random access memory (RAM), which
acts as external cache memory. By way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
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(DRRAM). The memory 908 of the subject systems and methods is intended to
comprise, without being limited to, these and any other suitable types of memory.
[0086] Receiver 902 is further operatively coupled to a thermal manager 910
and/or a negotiator 912. Thermal manager 910 can obtain various temperature related
inputs and can evaluate such inputs in connection with selecting a target transmit power
to be employed by access terminal 900. For example, the temperature related input can
be a temperature measured by one or more temperature sensors, an input corresponding
to thermal conditions received from an external source (e.g., a computing device, an
alternate technology module, ...), and so forth. Moreover, thermal manager 910 can
analyze the various inputs to determine a target transmit power to be used for
transmission, where selection of the target transmit power can mitigate a deleterious
impact corresponding to the detected thermal conditions. Further, negotiator 912 can
cooperatively select a class and/or operating mode to be used by access terminal 900 in
connection with operating with the target transmit power. It is contemplated that
thermal manager 910 can be substantially similar to thermal manager 206 of Fig. 2.
Moreover, it is to be appreciated that negotiator 912 can be substantially similar to class
negotiator 404 and/or mode negotiator 406 of Fig. 4. Although not shown, it is also to
be appreciated that thermal manager 910 can include negotiator 912 (and/or a power
level controller substantially similar to power level controller 402 of Fig. 4). Access
terminal 900 still further comprises a modulator 914 and a transmitter 916 that transmits
the signal to, for instance, a base station, another access terminal, efc. Although
depicted as being separate from the processor 906, it is to be appreciated that thermal
manager 910, negotiator 912 and/or modulator 914 can be part of processor 906 or a
number of processors (not shown).

[0087] Fig. 10 is an illustration of a system 1000 that coordinates changes in
power class and/or operating mode of an access terminal based upon thermal input in a
wireless communication environment. System 1000 comprises a base station 1002
(e.g., access point, ...) with a receiver 1010 that receives signal(s) from one or more
access terminals 1004 through a plurality of receive antennas 1006, and a transmitter
1024 that transmits to the one or more access terminals 1004 through a transmit antenna
1008. Receiver 1010 can receive information from receive antennas 1006 and is
operatively associated with a demodulator 1012 that demodulates received information.

Demodulated symbols are analyzed by a processor 1014 that can be similar to the
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processor described above with regard to Fig. 9, and which is coupled to a memory
1016 that stores data to be transmitted to or received from access terminal(s) 1004 (or a
disparate base station (not shown)) and/or any other suitable information related to
performing the various actions and functions set forth herein. For instance, memory
1016 can include instructions related to cooperatively selecting class and/or operating
mode for use by access terminal(s) 1004 as described herein. Processor 1014 is further
coupled to a class negotiator 1018 that can coordinate selection of class(es) for use by
access terminal(s) 1004. For instance, when an access terminal intends to transmit at a
power level outside of a range specified for a class allocated to such access terminal,
class negotiator 1018 can coordinate choosing an appropriate, disparate class with a
range that includes the intended transmit power level. Class negotiator 1018 can be
operatively coupled to a mode negotiator 1020 that coordinates selection of an operating
mode for access terminal(s) 1004 as described herein. It is contemplated that class
negotiator 1018 can be substantially similar to class negotiator 408 of Fig. 4 and/or
mode negotiator 1020 can be substantially similar to mode negotiator 410 of Fig. 4.
Base station 1002 can further include a modulator 1022, which can multiplex a frame
for transmission by a transmitter 1024 through antennas 1008 to access terminal(s)
1004. Although depicted as being separate from the processor 1014, it is to be
appreciated that class negotiator 1018, mode negotiator 1020 and/or modulator 1022 can
be part of processor 1014 or a number of processors (not shown).

[0088] Fig. 11 shows an example wireless communication system 1100. The
wireless communication system 1100 depicts one base station 1110 and one access
terminal 1150 for sake of brevity. However, it is to be appreciated that system 1100 can
include more than one base station and/or more than one access terminal, wherein
additional base stations and/or access terminals can be substantially similar or different
from example base station 1110 and access terminal 1150 described below. In addition,
it is to be appreciated that base station 1110 and/or access terminal 1150 can employ the
systems (Figs. 1-5, 9-10, and 12-13) and/or methods (Figs. 6-8) described herein to
facilitate wireless communication there between.

[0089] At base station 1110, traffic data for a number of data streams is
provided from a data source 1112 to a transmit (TX) data processor 1114. According to

an example, each data stream can be transmitted over a respective antenna. TX data
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processor 1114 formats, codes, and interleaves the traffic data stream based on a
particular coding scheme selected for that data stream to provide coded data.

[0090] The coded data for ecach data stream can be multiplexed with pilot data
using orthogonal frequency division multiplexing (OFDM) techniques. Additionally or
alternatively, the pilot symbols can be frequency division multiplexed (FDM), time
division multiplexed (TDM), or code division multiplexed (CDM). The pilot data is
typically a known data pattern that is processed in a known manner and can be used at
access terminal 1150 to estimate channel response. The multiplexed pilot and coded
data for each data stream can be modulated (e.g., symbol mapped) based on a particular
modulation scheme (e.g., binary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature amplitude modulation
(M-QAM), etc.) selected for that data stream to provide modulation symbols. The data
rate, coding, and modulation for each data stream can be determined by instructions
performed or provided by processor 1130.

[0091] The modulation symbols for the data streams can be provided to a TX
MIMO processor 1120, which can further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1120 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 1122a through 1122t. In various embodiments, TX MIMO
processor 1120 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.

[0092] Each transmitter 1122 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, Ny modulated signals from transmitters
1122a through 1122t are transmitted from Ny antennas 1124a through 1124t,
respectively.

[0093] At access terminal 1150, the transmitted modulated signals are received
by Nz antennas 1152a through 1152r and the received signal from each antenna 1152 is
provided to a respective receiver (RCVR) 1154a through 1154r. Each receiver 1154
conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a

corresponding “received” symbol stream.
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[0094] An RX data processor 1160 can receive and process the Ny received
symbol streams from N receivers 1154 based on a particular receiver processing
technique to provide Ny “detected” symbol streams. RX data processor 1160 can
demodulate, deinterleave, and decode each detected symbol stream to recover the traffic
data for the data stream. The processing by RX data processor 1160 is complementary
to that performed by TX MIMO processor 1120 and TX data processor 1114 at base
station 1110.

[0095] A processor 1170 can periodically determine which available technology
to utilize as discussed above. Further, processor 1170 can formulate a reverse link
message comprising a matrix index portion and a rank value portion.

[0096] The reverse link message can comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message can be processed by a TX data processor 1138, which also receives traffic data
for a number of data streams from a data source 1136, modulated by a modulator 1180,
conditioned by transmitters 1154a through 1154r, and transmitted back to base station
1110.

[0097] At base station 1110, the modulated signals from access terminal 1150
are received by antennas 1124, conditioned by receivers 1122, demodulated by a
demodulator 1140, and processed by a RX data processor 1142 to extract the reverse
link message transmitted by access terminal 1150. Further, processor 1130 can process
the extracted message to determine which precoding matrix to use for determining the
beamforming weights.

[0098] Processors 1130 and 1170 can direct (e.g., control, coordinate, manage,
etc.) operation at base station 1110 and access terminal 1150, respectively. Respective
processors 1130 and 1170 can be associated with memory 1132 and 1172 that store
program codes and data. Processors 1130 and 1170 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively.

[0099] In an aspect, logical channels are classified into Control Channels and
Traffic Channels. Logical Control Channels can include a Broadcast Control Channel
(BCCH), which is a DL channel for broadcasting system control information. Further,
Logical Control Channels can include a Paging Control Channel (PCCH), which is a DL

channel that transfers paging information. Moreover, the Logical Control Channels can
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comprise a Multicast Control Channel (MCCH), which is a Point-to-multipoint DL
channel used for transmitting Multimedia Broadcast and Multicast Service (MBMS)
scheduling and control information for one or several MTCHs. Generally, after
establishing a Radio Resource Control (RRC) connection, this channel is only used by
UEs that receive MBMS (e.g., old MCCH+MSCH). Additionally, the Logical Control
Channels can include a Dedicated Control Channel (DCCH), which is a Point-to-point
bi-directional channel that transmits dedicated control information and can be used by
UEs having a RRC connection. In an aspect, the Logical Traffic Channels can comprise
a Dedicated Traffic Channel (DTCH), which is a Point-to-point bi-directional channel
dedicated to one UE for the transfer of user information. Also, the Logical Traffic
Channels can include a Multicast Traffic Channel (MTCH) for Point-to-multipoint DL
channel for transmitting traffic data.

[00100] In an aspect, Transport Channels are classified into DL and UL. DL
Transport Channels comprise a Broadcast Channel (BCH), a Downlink Shared Data
Channel (DL-SDCH) and a Paging Channel (PCH). The PCH can support UE power
saving (e.g., Discontinuous Reception (DRX) cycle can be indicated by the network to
the UE, ...) by being broadcasted over an entire cell and being mapped to Physical layer
(PHY) resources that can be used for other control/traffic channels. The UL Transport
Channels can comprise a Random Access Channel (RACH), a Request Channel
(REQCH), a Uplink Shared Data Channel (UL-SDCH) and a plurality of PHY channels.
[00101] The PHY channels can include a set of DL channels and UL channels.
For example, the DL PHY channels can include: Common Pilot Channel (CPICH);
Synchronization Channel (SCH); Common Control Channel (CCCH); Shared DL
Control Channel (SDCCH); Multicast Control Channel (MCCH); Shared UL
Assignment Channel (SUACH); Acknowledgement Channel (ACKCH); DL Physical
Shared Data Channel (DL-PSDCH); UL Power Control Channel (UPCCH); Paging
Indicator Channel (PICH); and/or Load Indicator Channel (LICH). By way of further
illustration, the UL PHY Channels can include: Physical Random Access Channel
(PRACH); Channel Quality Indicator Channel (CQICH); Acknowledgement Channel
(ACKCH); Antenna Subset Indicator Channel (ASICH); Shared Request Channel
(SREQCH); UL Physical Shared Data Channel (UL-PSDCH); and/or Broadband Pilot
Channel (BPICH).
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[00102] It is to be understood that the embodiments described herein can be
implemented in hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units can be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

[00103] When the embodiments are implemented in software, firmware,
middleware or microcode, program code or code segments, they can be stored in a
machine-readable medium, such as a storage component. A code segment can represent
a procedure, a function, a subprogram, a program, a routine, a subroutine, a module, a
software package, a class, or any combination of instructions, data structures, or
program statements. A code segment can be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, efc. can be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, etc.

[00104] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and
executed by processors. The memory unit can be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.

[00105] With reference to Fig. 12, illustrated is a system 1200 that enables
throttling transmit power for a WWAN module as a function of thermal related
conditions in a wireless communication environment. For example, system 1200 can
reside at least partially within an access terminal. It is to be appreciated that system
1200 is represented as including functional blocks, which can be functional blocks that
represent functions implemented by a processor, software, or combination thereof (e.g.,
firmware). System 1200 includes a logical grouping 1202 of electrical components that
can act in conjunction. For instance, logical grouping 1202 can include an electrical

component for adjusting a target transmit power utilized by a WWAN module based
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upon at least one of a detected temperature, a signal from a computing device, or a
signal from an alternate technology module 1204. Further, logical grouping 1202 can
include an electrical component for negotiating with a base station to select an updated
class to be used by the WWAN module when the adjusted target transmit power is
outside of a range set forth by a previously allocated class 1206. Moreover, logical
grouping 1202 can include an electrical component for negotiating with the base station
to select an updated operating mode to be employed by the WWAN module when the
updated class is determined to be insufficient for the WWAN module 1208. By way of
further illustration (although not shown), logical grouping 1202 can also include an
electrical component for transmitting data utilizing at least one of a transmit power
equal to or less than the adjusted target transmit power, the updated class, and/or the
updated operating mode. Additionally, system 1200 can include a memory 1210 that
retains instructions for executing functions associated with electrical components 1204,
1206, and 1208. While shown as being external to memory 1210, it is to be understood
that one or more of electrical components 1204, 1206, and 1208 can exist within
memory 1210.

[00106] With reference to Fig. 13, illustrated is a system 1300 that enables
coordinating control of transmit power employed by a WWAN module as a function of
thermal input in a wireless communication environment. For example, system 1300 can
reside at least partially within a base station. It is to be appreciated that system 1300 is
represented as including functional blocks, which can be functional blocks that
represent functions implemented by a processor, software, or combination thereof (e.g.,
firmware). System 1300 includes a logical grouping 1302 of electrical components that
can act in conjunction. For instance, logical grouping 1302 can include an electrical
component for negotiating with a WWAN module to select an updated class to be used
by the WWAN module when an adjusted target transmit power to be used by the
WWAN module is outside of a range set forth by a previously allocated class 1304.
Moreover, logical grouping 1302 can comprise an electrical component for negotiating
with the WWAN module to select an updated operating mode to be employed by the
WWAN module when the updated class is determined to be insufficient for the WWAN
module 1306. Further, logical grouping 1302 can include an electrical component for
receiving data sent via the WWAN module utilizing a transmit power equal to or less

than the adjusted target transmit power 1308. Additionally, system 1300 can include a
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memory 1310 that retains instructions for executing functions associated with electrical
components 1304, 1306, and 1308. While shown as being external to memory 1310, it
is to be understood that one or more of electrical components 1304, 1306, and 1308 can
exist within memory 1310.

[00107] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes” is used in either the detailed description or the
claims, such term is intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed as a transitional word in a
claim.

WHAT IS CLAIMED IS:
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CLAIMS

1. A method that facilitates throttling transmit power of a WWAN module in a
wireless communication environment, comprising:

determining a target transmit power to be utilized by a WWAN module as a
function of an obtained temperature related input;

negotiating with a base station to coordinate a transition to the target transmit
power; and

sending data via the WWAN module at or below the target transmit power.

2. The method of claim 1, wherein the WWAN module is at least one of included

in a computing device or removeably connectable to the computing device.

3. The method of claim 1, wherein the obtained temperature related input is a
detected temperature.
4. The method of claim 3, further comprising selecting the target transmit power

based upon an amount that the detected temperature is above a threshold temperature.

5. The method of claim 3, further comprising determining the target transmit power
by lowering a previous target transmit power by a predetermined amount when the

detected temperature is recognized to be greater than a threshold temperature.

6. The method of claim 1, wherein the obtained temperature related input is a

temperature related input from an external source.

7. The method of claim 6, wherein the external source is at least one of a
computing device associated with the WWAN module or an alternate technology

module associated with the WWAN module.

8. The method of claim 6, wherein the temperature related input from the external
source includes at least one of a request to lower a maximum transmit power or a

temperature measurement yielded by the external source.
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9. The method of claim 1, further comprising negotiating with the base station to
cooperatively select a second class for the WWAN module when the target transmit
power falls outside of a range associated with a previously allocated first class for the

WWAN module.

10.  The method of claim 1, further comprising negotiating with the base station to
cooperatively select an operating mode for employment by the WWAN module when

determining that a lowest practical class has been allocated to the WWAN module.

11.  The method of claim 1, further comprising:

dynamically adjusting a class of the WWAN module based upon the obtained
temperature related input;

transmitting a UE CAPABILITY INFORMATION command to inform the base
station as to the adjustment in the class; and

receiving a TRANSPORT FORMAT COMBINATION CONTROL command
that enables selecting a corresponding data rate based upon the adjustment in the class,

wherein the corresponding data rate correlates to an output thermal power.

12.  The method of claim 1, further comprising:

sending data below the target transmit power when the WWAN module is
located within close proximity of the base station; and

sending data at the target transmit power when the WWAN module is located at

an edge of a cell associated with the base station.

13. A wireless communications apparatus, comprising:

a WWAN module;

a memory that retains instructions related to selecting a target transmit power for
the WWAN module based upon a received input pertaining to temperature, cooperating
with a base station to coordinate a transition to the selected target transmit power, and
transmitting data with the WWAN module at or below the target transmit power; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.
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14.  The wireless communications apparatus of claim 13, wherein the WWAN
module is at least one of coupled to a socket of a motherboard of the wireless
communications apparatus or removeably connectable to the wireless communications

apparatus.

15.  The wireless communications apparatus of claim 13, wherein the received input

pertaining to temperature is a measured temperature.

16.  The wireless communications apparatus of claim 15, wherein the memory
further retains instructions related to choosing the target transmit power as a linear

function of an amount that the measured temperature is above a threshold temperature.

17.  The wireless communications apparatus of claim 13, wherein the memory
further retains instructions related to lowering the target transmit power for the WWAN
module by a predetermined amount when at least one of a measured temperature is
determined to be greater than a threshold temperature, a signal is received from a
computing device requesting that thermal power be lowered, or a request is received

from an alternate technology module to lower the thermal power.

18.  The wireless communications apparatus of claim 13, wherein received input
pertaining to temperature is obtained from an external source that is at least one of a
computing device or an alternate technology module, where the alternate technology

module is associated with at least one of WiFi or WiMax.

19.  The wireless communications apparatus of claim 13, wherein the memory
further retains instructions related to negotiating with the base station to cooperatively
select a second class for the WWAN module when the target transmit power falls
outside of a range associated with a previously allocated first class for the WWAN

module.

20.  The wireless communications apparatus of claim 13, wherein the memory

further retains instructions related to negotiating with the base station to cooperatively
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select an operating mode for employment by the WWAN module when determining that

a lowest practical class has been allocated to the WWAN module.

21. A wireless communications apparatus that enables throttling transmit power for
a WWAN module as a function of thermal related conditions in a wireless
communication environment, comprising:

means for adjusting a target transmit power utilized by a WWAN module based
upon a temperature related input;

means for negotiating with a base station to select an updated class to be used by
the WWAN module when the adjusted target transmit power is outside of a range set
forth by a previously allocated class; and

means for negotiating with the base station to select an updated operating mode
to be employed by the WWAN module when the updated class is determined to be
insufficient for the WWAN module.

22.  The wireless communications apparatus of claim 21, wherein the WWAN
module is one or more of coupled to a motherboard of a computing device or removably

connectable to the computing device.

23.  The wireless communications apparatus of claim 21, further comprising means
for transmitting data utilizing at least one of a transmit power equal to or less than the

adjusted target transmit power, the updated class, or the updated operating mode.

24.  The wireless communications apparatus of claim 21, further comprising means
for selecting the adjusted target transmit power as a linear function of an amount that a
detected temperature exceeds a threshold temperature, wherein the detected temperature

is at least part of the temperature related input.

25.  The wireless communications apparatus of claim 21, further comprising means
for reducing the target transmit power for the WWAN module by a preset amount when
at least one of a detected temperature is greater than a threshold temperature, a signal
from the computing device requests that thermal power be lowered, or a signal from the

alternate technology module requests that the thermal power be lowered.
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26. A computer program product, comprising:
a computer-readable medium comprising:
code for determining a target transmit power for a WWAN module by
evaluating a pre-programmed setpoint minus thermal algorithm adjustments;
code for comparing a temperature detected by the WWAN module to a
threshold temperature;
code for lowering the target transmit power by a predetermined amount
when the temperature detected by the WWAN module exceeds the threshold

temperature.

27. The computer program product of claim 26, wherein the computer-readable
medium further comprises:
code for determining whether the lowered target transmit power is less than a
target transmit power allowed by a first class allotted to the WWAN module; and
code for negotiating to a second, lower class with a network when the lowered
target transmit power is less than the target transmit power allowed by the first class

allotted to the WWAN module.

28. The computer program product of claim 27, wherein the computer-readable
medium further comprises code for continuing to compare the temperature detected by
the WWAN module to the threshold temperature when the lowered target transmit
power is greater than the target transmit power allowed by the first class allotted to the

WWAN module.

29. The computer program product of claim 27, wherein the computer-readable
medium further comprises:

code for determining whether the second, lower class is a lowest practical class
obtained by the WWAN module; and

code for negotiating to a disparate operating mode when the second, lower class

is the lowest practical class obtained by the WWAN module.



WO 2010/129667 PCT/US2010/033718

42

30. The computer program product of claim 29, wherein the computer-readable
medium further comprises code for continuing to compare the temperature detected by
the WWAN module to the threshold temperature when the second, lower class is not the

lowest practical class obtained by the WWAN module.

31. The computer program product of claim 26, wherein the computer-readable
medium further comprising code for lowering the target transmit power by a
predetermined amount when at least one of a notebook request to lower thermal power

is received or an alternate technology request to lower the thermal power is received.

32. In a wireless communications system, an apparatus comprising:

a processor configured to:

alter a target transmit power utilized by a WWAN module based upon a
temperature related input;

negotiate with a base station to select an updated class to be used by the
WWAN module when the altered target transmit power is outside of a range set
forth by a previously allocated class; and

negotiate with the base station to select an updated operating mode to be
employed by the WWAN module when the updated class is determined to be
insufficient for the WWAN module.

33. A method that facilitates coordinating WWAN module transmit power
alterations based upon thermal input in a wireless communication environment,
comprising:

receiving data sent from a WWAN module at or below a first target transmit
power level;

negotiating with the WWAN module to coordinate a transition to a second target
transmit power level, the transition to the second target transmit power level being a
function of a temperature related input obtained by the WWAN module; and

receiving data sent from the WWAN module at or below the second target

transmit power level subsequent to the transition.
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34.  The method of claim 33, further comprising cooperatively selecting a class
together with the WWAN module.
35.  The method of claim 33, further comprising selecting a lower, second class to be

used by the WWAN module when the second target transmit power level is lower than a

target transmit power allowed by a first class allotted to the WWAN module.

36.  The method of claim 35, further comprising selecting a second operating mode
to be used by the WWAN module when the lower, second class is not practical for the

WWAN while employing a first operating mode.

37. A wireless communications apparatus, comprising:

a memory that retains instructions related to coordinating a transition from a first
target transmit power level to a second target transmit power level to be used by a
WWAN module, the transition being based upon a temperature related input obtained
by the WWAN module, and obtaining data sent from the WWAN module at or below
the second target transmit power level subsequent to the transition; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.

38.  The wireless communications apparatus of claim 37, wherein the memory
further retains instructions related to cooperatively selecting a class together with the

WWAN module.

39.  The wireless communications apparatus of claim 37, wherein the memory
further retains instructions related to cooperatively selecting a lower, second class to be
used by the WWAN module when the second target transmit power level is lower than a

target transmit power allowed by a first class allotted to the WWAN module.
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40.  The wireless communications apparatus of claim 39, wherein the memory
further retains instructions related to selecting a second operating mode to be used by
the WWAN module when the lower, second class is not practical for the WWAN while

employing a first operating mode.

41. A wireless communications apparatus that enables coordinating control of
transmit power employed by a WWAN module as a function of thermal input in a
wireless communication environment, comprising:

means for negotiating with a WWAN module to select an updated class to be
used by the WWAN module when an adjusted target transmit power to be used by the
WWAN module is outside of a range set forth by a previously allocated class;

means for negotiating with the WWAN module to select an updated operating
mode to be employed by the WWAN module when the updated class is determined to
be insufficient for the WWAN module; and

means for receiving data sent via the WWAN module utilizing a transmit power

equal to or less than the adjusted target transmit power.

42.  The wireless communications apparatus of claim 41, wherein the updated class
is a lower class as compared to the previously allocated class when the adjusted target
transmit power is below the range and the updated class is a higher class as compared to
the previously allocated class when the adjusted target transmit power is above the

range.

43.  The wireless communications apparatus of claim 41, wherein the updated
operating mode is one of Wideband Code Division Multiple Access (WCDMA), Code
Division Multiple Access (CDMA), Enhanced Data rates for GSM Evolution (EDGE),
CDMAZ2000, or General Packet Radio Service (GPRS).
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44. A computer program product, comprising:

a computer-readable medium comprising:

code for negotiating with a WWAN module to identify an updated class
to be used by the WWAN module when an adjusted target transmit power to be
used by the WWAN module is outside of a range set forth by a previously
allocated class;

code for negotiating with the WWAN module to determine an updated
operating mode to be employed by the WWAN module when the updated class
is determined to be insufficient for the WWAN module; and

code for receiving data sent via the WWAN module utilizing a transmit

power equal to or less than the adjusted target transmit power.

45. The computer program product of claim 44, wherein the updated class is a lower
class as compared to the previously allocated class when the adjusted target transmit
power is below the range and the updated class is a higher class as compared to the

previously allocated class when the adjusted target transmit power is above the range.

46. The computer program product of claim 44, wherein the updated operating
mode is one of Wideband Code Division Multiple Access (WCDMA), Code Division
Multiple Access (CDMA), Enhanced Data rates for GSM Evolution (EDGE),
CDMAZ2000, or General Packet Radio Service (GPRS).

47.  Inawireless communications system, an apparatus comprising:

a processor configured to:

receive data sent from a WWAN module at or below a first target
transmit power level;

negotiate with the WWAN module to coordinate a transition to a second
target transmit power level, the transition to the second target transmit power
level being a function of a temperature related input obtained by the WWAN
module; and

receive data sent from the WWAN module at or below the second target

transmit power level subsequent to the transition.



WO 2010/129667

S
=
o

118

120

PCT/US2010/033718

1/13

126

104

102

FIG. 1




PCT/US2010/033718

WO 2010/129667

2/13

01T —

HOLVILOOHAN dAMO0d
TVNIINYHAL SSADIV

NOILVLS ASvd

¢ O

YHHLLINSNVIL N
— 80¢

=

P07 _

HTOVNVIA 'TVINIHH.L N
— 90¢

TVNIINYHAL SSADIV

4114 _

4( 007



PCT/US2010/033718

WO 2010/129667

3/13

¢ "OId

<————[01)u0) IPOIA!

<———[0nuo) sse)

<«—[0.3U0) JIMOJ Ind)nQ X 1 —

HIOVNVIA
TVINYHH.L

a«—("** XBIAIM ‘TIIA “8°9) yndur AGo[ouyd?d} djeud)y———

(" ‘puBmIWIOd IV ‘SNgAS BIA 3-3) yndur parddns y00qajoN—

@—(*** ‘931A3P JudWRINSEIW danye.rddurd) eia 3+9) danjerddwd | —

<("" “AOHAT ‘VINAD ‘VINAIM “89) poN SupetddQ yuam)—

907 7

4( 00€



PCT/US2010/033718

WO 2010/129667

4/13

01y —

80V —

01T —

Ve YOLVILODAN HAON

v HOLVILOOHAN SSVID

HJOLVILODAN
HAMOd TYNINYAL SSHOIV

v "OId

YHHLLINSNVIL

YOLVILODAN HAON

NOILVLS ASvd

v0T _

HOLVILODHN SSVI)

HATIOHLNOD
TIATT HIMOd

HTOVNVIA 'TVINIHH.L

— 80¢

— 90V

— vO¥

— 0¥

TVNIINYHAL SSADIV

907

4114 _

4( 00



PCT/US2010/033718

WO 2010/129667

5/13

SO

YOS —

HTOVNVIA 'TVINIHH.L N

N 907

TTNdONW NVAAM

HOIAHA ONLLOAdINOD

208 7

4( 00S



WO 2010/129667

600
\

6/13

PCT/US2010/033718

DETERMINING A TARGET
TRANSMIT POWER TO BE
UTILIZED BY A WWAN MODULE AS
A FUNCTION OF AN OBTAINED
TEMPERATURE RELATED INPUT

602
v

NEGOTIATING WITH A BASE
STATION TO COORDINATE A
TRANSITION TO THE TARGET
TRANSMIT POWER

604
v

l

SENDING DATA VIA THE WWAN
MODULE AT OR BELOW THE
TARGET TRANSMIT POWER

606
v

FIG. 6



WO 2010/129667

700
\

No

( START )
702
v [

Max TX Power
determined by pre-
programmed
setpoint minus
thermal algorithm
adjustments

A

7/13

Alt Tech
request to lower
hermal power?

NB request
to lower thermal
power?

Module
Temperature >X?

716

PCT/US2010/033718
718

Yes
Yes

706

v /[
Lower Max TX Allowed by
Y dB

708

No Max TX less

than TX allowed by

Negotiate to lower Power
Class or MSC-class with
Network

712

No owest practica

power class obtained
by device?

Yes

714
/_

Negotiate to Mode or Band

FIG. 7

(e.g., WCDMA->EDGE,
1900 MHz -> 850 MHz, ...)




WO 2010/129667

800
\

8/13

START

PCT/US2010/033718

RECEIVING DATA SENT FROM A
WWAN MODULE AT OR BELOW A
FIRST TARGET TRANSMIT POWER
LEVEL

802
v

l

NEGOTIATING WITH THE WWAN
MODULE TO COORDINATE A
TRANSITION TO A SECOND
TARGET TRANSMIT POWER
LEVEL, THE TRANSITION TO THE
SECOND TARGET TRANSMIT
POWER LEVEL BEING A FUNCTION
OF A TEMPERATURE RELATED
INPUT OBTAINED BY THE WWAN
MODULE

804
v

l

RECEIVING DATA SENT FROM THE
WWAN MODULE AT OR BELOW
THE SECOND TARGET TRANSMIT
POWER LEVEL

806
v

FIG. 8



WO 2010/129667

900
\

9/13

PCT/US2010/033718

/— 910

ACCESS TERMINAL
THERMAL
902 \ ™ MANAGER
RECEIVER # 912
904 -
DEMOD 5| NEGOTIATOR
| 906
Y v
TRANSMITTER |«—— MODULATOR |«—— PROCESSOR
916 _/ 914 _/
908
R\ MEMORY

FIG. 9



WO 2010/129667

1000
N\

1006 —

10/13

PCT/US2010/033718

_— 1002

Rx ANTENNAS

¢

BASE STATION

1004-—~\\\ T

ACCESS
TERMINAL(S)

1008
__\\\

Tx ANTENNAS

-

1010 — 1016
»| RECEIVER MEMORY
1012 — l I —— 1014
DEMOD [——»| PROCESSOR
i _— 1018
CLASS
1024 — ™ NEGOTIATOR
- »| TRANSMITTER I
; —1020
MODE
MODULATOR <=8 \ 0 ~OTIATOR
1022 —"

FIG. 10




PCT/US2010/033718

WO 2010/129667

11/13

AR K|

321n0g
ereq
\
9¢11
0SS0 J | ! aoyempony —» ULNAL YA [P pomog  |—» 0SS0
BEa Xl —¢—| ¥ADY ULNL [~ B1ed X
7 7 WA 7 < 7 7
SO 8ETT i 0811 IPSTI W1 oril LV 1SD
m vV v
7 ¢ > =7
10583201 |e—p| Lroudpy 1CsTI will L1oudpy |le—p| 10ssad0ag
7 < o o 7 7
0L1T » e win H H Nm:e €11
< | ULIL HADH [— 1 aossad0ag 10S$V01 4
108832014 v1e(q XU —
«—— dADY YLNL |[¢—— ONWINXL HEAXL e
e e = r r ond
0911 Bpell Blll 0TIl 14881
« >
X Ved r .
eISII epTIl NoS
0SI1 | Sy Ble(q
0111 —~
(4881



PCT/US2010/033718

WO 2010/129667

12/13

O

AdONWAN
0121 _A
ATNAON NVAAM SSVID AALVIOTIV
AHL 4OA INAIDIAANSNI ATSNOIATYd V A9 HLYOA mq:mmw@zwwmwm mwome
A9 OL AANINIALAA LAS AONVYH V A0 AAISLNO .
NOYA TVYNDIS V 40 “ADIAAA
SI SSVID AALVddN ST YAMOd LINSNVY.L
ONLLAJINOD V WOUA TVNDIS
AHL NIHM A TNAOIN LAOYVL ALLSN AV v TN LVHAdINLL QALOALId
NVMM TFHL A9 AIAOTdINA AHL NTHA I TNAON Vv 10 ANO LSVAT LV NOdN
49 OL AAON ONLLVIAJO NVAMA THL A9 aasn QEISVE TINGOI NV v Ag
aaLvVAdN NV LOATAS A9 OL SSV'ID AALVAdN NV QIZI LA HAAOd EN Kzr Mzé N
O.L NOILV.LS ASVd AH.L LOATAS OL NOLLV.LS ASVd LAUVL V ONLLSO LAY HOd
HLIA ONLLVLLOOAN ¥0d V HLIM ONLLVILOOAN d0d INANOIINOD TV ORLLYATA
INANOdINOD TVIRILDATH INANOdINOD TVIIILDATH
8071 _ 9071 _ POT1 _
2071 _

4( 0021




PCT/US2010/033718

WO 2010/129667

13/13

¢l "OId

AdONWAN
01€T _A
YAMOd ATNAOIN NVAAM SSVTD AALVIOTIV ATSNOIATUd
LINSNVIL LADAV.L AHL YOA INAIDIAANSNI V A9 HLYOA LAS AONVYI V
AQALSNrAV THL NVH.L A9 OL AANINYALAA A0 HAISLNO ST T TNAOIN NVAAM
SSAT 40 OL TvNOa SI SSVID AA.LVAdN HH.L AHL A9 dASN 49 OL ¥AMOd
YAMOd LINSNVI.L NAHM TTNAOIN NVMA THL LINSNVY.L LADYV.L ALLSNIaV
V ONIZI'TLLO A TNAOIN A9 AIAOTdINE A9 OL AAON NV NIHM A TNAOIN NVAM TH.L
NVMM THL VIA LNAS ONLLVIAdO AALVAdN NV A9 aisN 749 OL SSVTID dALVddN
VIVA ONIATHD T LOATAS OL ATNAOIN NVAA NV LOATIS OL A TNAOIN
Y04 INANOJINOD AHL HLIM ONLLVLLOOAN ¥04 NVAMAM V HLIA ONILVLLOOAN
TVORILLDATA INANOdINOD TVIRLLDATH YOI INANOJINOD TVIIILDATA
80€1 _ 90€1 _ POET _
20€T _

4( 00€1




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings

