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Description
BACKGROUND
I. Field

[0001] The present disclosure relates generally to
electronics, and more specifically to techniques for man-
aging resources at a wireless device.

Il. Background

[0002] Wireless communication networks are widely
deployed to provide various communication services
such asvoice, video, packetdata, messaging, broadcast,
etc. These wireless networks may be multiple-access
networks capable of supporting multiple users by sharing
the available network resources. Examples of such mul-
tiple-access networks include Code Division Multiple Ac-
cess (CDMA) networks, Time Division Multiple Access
(TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) net-
works, Single-Carrier FDMA (SC-FDMA) networks, etc.
[0003] A wireless device (e.g., a cellular phone) may
actively communicate with a wireless network for one or
more services, e.g., voice and/or packet data. The wire-
less device may expend processingresources to process
data for communication with the wireless network. The
wireless device may also have other applications running
on the wireless device. Each application may start and
terminate at any time and may consume certain amount
of processing resources when active. The processing de-
mands at the wireless device may fluctuate widely over
time and may be dependent on the amount of data ex-
changed with the wireless network as well as the specific
applications running on the wireless device. If the
processing demands exceed the processing capacity of
the wireless device, then certain adverse effects may re-
sult, which may then cause poor user experience. For
example, packets may be dropped and/or an application
may malfunction due to insufficient processing resources
at the wireless device.

[0004] WO 03/051078 A1 describes a base station that
monitors data flow to a wireless device; after a number
of packets have been transmitted, the base station de-
termines the buffer window size and informs the base
station controller, so as to control the flow.

[0005] There is therefore a need in the art for tech-
niques to mitigate adverse effects due to processing de-
mands exceeding processing capacity at a wireless de-
vice.

SUMMARY

[0006] Techniques for managing resources at a wire-
less device are described herein. In one aspect, the wire-
less device controls applications based on resource de-
mands and available resources. The applications may
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be executed by a processing unit having a maximum
processing capacity. Processing demands by the appli-
cations may be monitored. Atleastone ofthe applications
may be controlled based on the processing demands and
the maximum processing capacity of the processing unit.
For example, a data application may be controlled by (i)
reducing the amount of data exchanged with a base sta-
tion when high processing demands are detected or (ii)
increasing the amount of data exchanged with the base
station when low processing demands are detected. The
amount of data exchanged with the base station may be
varied, e.g., by adjusting a window size that regulates
the number of unacknowledged packets exchanged by
the data application.

[0007] Inanotheraspect, the wireless device manages
different resources at the wireless device to achieve good
performance. The wireless device may monitor process-
ing demands, bus demands, memory demands, cache
demands, and/or other resource demands by applica-
tions for assignable processing resources, bus resourc-
es, memory resources, cache resources, and/or other
resources, respectively. The wireless device may control
at least one application based on the demands by the
applications. The wireless device may select the at least
one application based onthe priorities of the applications,
indication on whether each application is controllable or
not controllable, etc.

[0008] Inyetanotheraspect,the wireless device varies
resource capacity to match resources demands. The ap-
plications may be executed by a processing unit having
configurable processing capacity. Processing demands
by the applications may be monitored. The processing
capacity of the processing unit may be adjusted based
on the processing demands. For example, a higher clock
frequency may be selected for the processing unit when
the processing demands exceed a high threshold, and a
lower clock frequency may be selected when the
processing demands fall below a low threshold.

[0009] The invention is defined according to the inde-
pendent claims. Particular embodiments are provided in
the dependent claims.

[0010] Various aspects and features of the disclosure
are described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 shows a block diagram of a wireless device
and a base station.

FIG. 2 shows a diagram of a resource management
system.

FIG. 3 shows adjustment of CPU clock frequency
based on CPU usage.

FIG. 4 shows interaction between modules in the
resource management system.

FIG. 5 shows reporting of CPU loading with two
thresholds.
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FIG. 6 shows adjustment of a window size based on
CPU loading.

FIG. 7 shows a process to control applications based
onh resource demands.

FIG. 8 shows a process performed by the base sta-
tion.

FIG. 9 shows a process to manage different resourc-
es at the wireless device.

FIG. 10 shows a process to vary resource capacity
to match demands.

DETAILED DESCRIPTION

[0012] FIG. 1 shows a block diagram of a design of a
wireless device 100 and a base station 150 in a wireless
communication network. Base station 150 may also be
referred to as a Node B, an evolved Node B, an access
point, a base transceiver station (BTS), etc. In the design
shown in FIG. 1, base station 150 includes a transmitter/
receiver (TMTR/RCVR) 152 that supports radio commu-
nication with wireless devices, a controller/processor 160
that performs various functions for communication with
the wireless devices, a memory 162 that stores program
codes and data for base station 150, and a communica-
tion (Comm) unit 164 that supports communication with
other network entities. In general, a base station may
include any number of controllers, processors, memo-
ries, transmitters, receivers, etc.

[0013] Wireless device 100 may also be referred to as
a user equipment (UE), a mobile station, a terminal, an
access terminal, a mobile equipment, a subscriber unit,
a station, etc. Wireless device 100 may be a cellular
phone, a personal digital assistant (PDA), a wireless mo-
dem, a handheld device, a laptop computer, etc.

[0014] On the receive path, an antenna 112 receives
signals transmitted by base station 150, other base sta-
tions, satellites, etc., and provides a received signal to a
receiver (RCVR) 114. Receiver 114 processes (e.g., fil-
ters, amplifies, frequency downconverts, and digitizes)
the received signal and provides samples to a digital sec-
tion 120 for further processing. On the transmit path, dig-
ital section 120 processes data to be transmitted and
provides data chips to a transmitter (TMTR) 116. Trans-
mitter 116 processes (e.g., converts to analog, filters,
amplifies, and frequency upconverts) the data chips and
generates a modulated signal, which is transmitted via
antenna 112.

[0015] Digital section 120 may include various
processing, memory, and interface units that support
communication with one or more wireless communica-
tion networks as well as other applications. In the design
shown in FIG. 1, digital section 120 includes a central
processing unit (CPU) 130, a controller/processor 132,
a memory 134, a cache 136, and an external interface
138, all of which are coupled to a bus 140. CPU 130 may
comprise any number of digital signal processors
(DSPs), reduced instruction set computer (RISC) proc-
essors, general-purpose processors, etc. CPU 130 may
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perform processing for data transmission (e.g., encoding
and modulation), processing for data reception (e.g., de-
modulation and decoding), and higher-layer processing
for data exchanged with a wireless network. CPU 130
may also perform processing for other applications. Con-
troller/processor 132 may direct the operation at wireless
device 100 and/or perform other functions. Memory 134
may store data and/or instructions for various units within
digital section 120. Cache 136 may provide fast storage
of data and/or instructions. Interface unit 138 may inter-
face with other units such as a main memory 142, in-
put/output (I/0O) devices, etc. Digital section 120 may be
implemented with one or more application specific inte-
grated circuits (ASICs) and/or some other type of inte-
grated circuits (ICs).

[0016] In general, wireless device 100 may include
fewer, more and/or different processing, memory, and
interface units than those shown in FIG. 1. The number
of processing units and the types of processing units in-
cluded in digital section 120 may be dependent on vari-
ous factors such as the communication networks and
applications supported by wireless device 100, cost and
power considerations, etc.

[0017] Wireless device 100 may support communica-
tion with wireless wide area networks (WWANSs), wireless
local area networks (WLANS), wireless personal area
networks (WPANSs), broadcast networks, etc. The terms
"network" and "system" are often used interchangeably.
The WWANs may be CDMA, TDMA, FDMA, OFDMA,
SC-FDMA and/or other wireless networks. A CDMA net-
work may implement a radio technology such as Univer-
sal Terrestrial Radio Access (UTRA), cdma2000, etc.
UTRA includes Wideband-CDMA (W-CDMA) and Time
Division-Synchronous CDMA (TD-SCDMA). cdma2000
covers 1S-2000, 1S-95 and 1S-856 standards. A TDMA
network may implement a radio technology such as Glo-
bal System for Mobile Communications (GSM). An OFD-
MA network may implement a radio technology such as
Evolved UTRA (E-UTRA), IEEE 802.16, IEEE 802.20,
Flash-OFDM®, etc. UTRA and E-UTRA are part of Uni-
versal Mobile Telecommunication System (UMTS).
UTRA, E-UTRA, UMTS, and GSM are described in doc-
uments from an organization named "3rd Generation
Partnership Project” (3GPP). cdma2000 is described in
documents from an organization named "3rd Generation
Partnership Project2" (3GPP2). AWLAN may implement
a radio technology such as IEEE 802.11, Hiperlan, etc.
A WPAN may implement a radio technology such as
Bluetooth. A broadcast network may implement a radio
technology such as Digital Video Broadcasting for Hand-
helds (DVB-H), Integrated Services Digital Broadcasting
for Terrestrial Television Broadcasting (ISDB-T), Media-
FLO, etc. These various networks, radio technologies,
and standards are known in the art.

[0018] For clarity, the following description assumes
that wireless device 100 supports UMTS. 3GPP Release
5 and later supports High-Speed Downlink Packet Ac-
cess (HSDPA). 3GPP Release 6 and later supports High-
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Speed Uplink Packet Access (HSUPA). HSDPA and
HSUPA are sets of channels and procedures that enable
high-speed packet data transmission on the downlink
and uplink, respectively.

[0019] Wireless device 100 may also support various
applications. An application may be a software and/or
firmware module that performs a particular function. Dif-
ferent applications may be used for different radio tech-
nologies, different features of a given radio technology,
etc. For example, wireless device 100 may support ap-
plications for HSDPA, HSUPA, WLAN, Bluetooth, Medi-
aFLO, voice, video, video telephony, web browser, email,
text editor, graphics applications such as video games,
assisted Global Positioning System (A-GPS), etc.
[0020] Wireless device 100 may have various types of
resources that may be used to support all of the applica-
tions running on the wireless device. The resources at
wireless device 100 may be categorized as follows:

* Processing resources - resources to perform
processing for applications, e.g., CPU 130,

¢ Memory resources - resources to store data for ap-
plications, e.g., memory 134,

e Cache resources - resources for fast data storage
for applications, e.g., cache 136, and

¢ Busresources - resources to transfer data for appli-
cations, e.g., bus 140.

[0021] The resources at wireless device 100 may be
configurable. For example, the processing capacity of
wireless device 100 may be varied by adjusting the clock
frequency of CPU 130, and the bus capacity may be var-
ied by adjusting the clock frequency of bus 140. Higher
CPU and bus clock frequencies may provide more
processing and busresources but may also resultin high-
er power consumption, which may shorten battery life of
wireless device 100. In general, it may be desirable to
operate at the lowest CPU and bus clock frequencies
that can provide sufficient processing and bus resources
to meet the demands of all active applications, so that
power consumption can be minimized. For memory and
cacheresources, the amount of available resources may
be fixed by design, but these resources may be allocated
in different manners to the active applications. For ex-
ample, an application that is memory intensive may be
allocated more cache and/or memory resources than an
application that is not memory intensive.

[0022] In general, any number of applications and any
type of application may be active on wireless device 100
at any given moment. Each active application may have
certain resource demands or requirements. The availa-
ble resources at wireless device 100 may be configured
to match the resource demands of all active applications,
e.g., by adjusting the CPU and bus clock frequencies. In
certain instances, even the highest CPU and bus clock
frequencies supported by wireless device 100 may not
provide sufficient resources to meet the demands of all
active applications. In these instances, one or more of
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the active applications may be controlled in order to re-
duce resource demands to conform to the available re-
sources.

[0023] FIG. 2 shows a diagram of a design of a re-
source management system 200 for wireless device 100.
In this design, system 200 includes a resource controller
210, a resource monitor 212, and a hardware manager
214. Modules 210,212 and 214 may each be implement-
ed with software and/or firmware running on wireless de-
vice 100, with hardware implemented within wireless de-
vice 100, or with a combination of both.

[0024] Resource monitor 212 may determine resource
usage by the active applications. For processing resourc-
es, resource monitor 212 may count the number of active
clock cycles for CPU 130 within a measurement interval.
Resource monitor 212 may ascertain the amount of
processing resources used by the active applications
based on the number of active clock cycles and/or the
number of idle clock cycles during the measurement in-
terval. Resource monitor 212 may determine CPU load-
ing, which is the percentage of time that CPU 130 is used
during the measurement interval. The CPU loading may
be computed based on a ratio of the number of active
clock cycles to the total number of clock cycles in the
measurement interval. The measurement interval may
be selected to provide sufficient averaging as well as to
reduce delay in obtaining reports of resource usage. The
measurementinterval may be 100 milliseconds (ms), 200
ms, etc. Resource monitor 212 may also determine us-
age of other resources such as bus resources, memory
resources, cache resources, etc. Resource monitor 212
may determine resource usage by each active applica-
tion, by each active application that may be controlled,
by each set of active applications to be controlled togeth-
er, by all active applications, etc.

[0025] Hardware manager 214 may control the config-
uration of various types of resources at wireless device
100. Hardware manager 214 may vary the clock frequen-
cy of CPU 130 based on demands for processing re-
sources and/or vary the clock frequency of bus 140 based
on the demands for bus resources. Hardware manager
214 may also allocate/reallocate memory 134 and cache
136 based on demands for memory and cache resourc-
es, respectively. Hardware manager 214 may receive
commands, directives, requests and/or other information
from resource controller 210 and may configure the var-
ious types of resources accordingly.

[0026] Resource controller 210 may attempt to match
resource demands of the active applications with the
available resources at wireless device 100. Resource
controller 210 may obtain pertinent information for each
active application, e.g., when the application is activated.
The information for each active application may include
the following:

* Indication on whether the application can be control-
led to reduce resource usage,
¢ Peak and/or minimum resource requirements of the
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application, and
¢ Priority and/or other characteristics of the application
useful for resource management.

[0027] A given application may or may not be control-
led in order to reduce resource usage when resource
demands exceed the available resources. Whether or
not the application can be controlled may be dependent
on various factors such as the priority of the application,
the expected resource usage by the application, etc. If
the application can be controlled, then the operation of
the application may be adjusted and/or the amount of
resources allocated to the application may be varied such
that resource demands can be met by the available re-
sources.

[0028] The resource requirements of a given applica-
tion may be given by various parameters such as
CPU/bus clock frequencies, number of CPU/bus cycles
perunittime, etc. For clarity, processing and bus resourc-
es are quantified by CPU/bus clock frequencies in the
description below. The peak resource requirements may
be used for applications with bursty resource demands
that do not need to be sustained for an extended period
of the time, e.g., file download. The minimum resource
requirements may be used for applications with certain
resource demands that may have to be sustained for an
extended period of time, e.g., a voice call.

[0029] The priority and/or other characteristics of an
application may be used to determine when and how to
control the application to reduce resource demands.
When resource demands exceed the available resourc-
es, low priority applications may be controlled first, and
high priority applications may be controlled last. Different
applications may be controlled in different manners, as
described below.

[0030] Resource controller 210 may receive resource
usage reports that may convey real-time resource usage
by the active applications. Resource controller 210 may
determine whether to change hardware configuration
based on the resource usage. For example, resource
controller 210 may direct hardware manager 214 to use
lower CPU/bus clock frequencies when the available re-
sources are largely under-utilized. Resource controller
210 may direct hardware manager 214 to use higher
CPU/bus clock frequencies when the availableresources
are insufficient to meet resource demands. Resource
controller 210 may also control one or more applications
to reduce resource demands if the available resources,
even with the highest CPU/bus clock frequencies, are
insufficient to meet resource demands. Resource con-
troller 210 may thus control the available resources as
well as the resource demands in order to match resource
demands with resource supply.

[0031] N applications 220a through 220n may be ac-
tive, where in general N may be any integer value zero
or greater. In the example shown in FIG. 2, application
220a may be a diagnostic application, application 220b
may be for HSDPA, application 220c may be for HSUPA,
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application 220d may be for video telephony, and so on,
and application 220n may be for background download.
Each application 220 may register with resource control-
ler 210 when activated and may provide pertinent infor-
mation, e.g., as described above. Each active application
that can be controlled may receive commands from re-
source controller 210 to adjust its operation, when ap-
propriate, in order to reduce resource usage. In general,
applications 220 may be controlled for any type of re-
sources. For clarity, much of the description below is for
control of processing resources, which is also referred
to as CPU resources.

[0032] CPU 130 may execute applications that support
communication with base station 150 as well as other
applications running on wireless device 100. Resource
controller 210 may control the operation of CPU 130,
otherresources, and/or the active applications to achieve
good performance.

[0033] Inanaspect, the availableresources at wireless
device 100 may be adjusted based on resources de-
mands by the active applications. For example, the CPU
loading may be monitored in real time, and the CPU clock
frequency may be adjusted based on the CPU loading.
Inonedesign, the CPU loading may be compared against
a high threshold and a low threshold. A higher CPU clock
frequency (if available) may be selected when the CPU
loading exceeds the high threshold. A lower CPU clock
frequency (if available) may be selected when the CPU
loading falls below the low threshold.

[0034] In another aspect, the active applications may
be controlled, if needed, so that the resource demands
can be met by the available resources at wireless device
100. Theresource demands may be ascertained through
real-time monitoring. The available resources may be in-
creased or decreased, e.g., by selecting different clock
frequencies, based on the resource demands. However,
when the available resources reach maximum capacity,
the active applications may be controlled to reduce the
resource demands to be below the available resources.
[0035] For example, if CPU 130 operates with CPU
loading above the high threshold, then resource control-
ler 210 may take actions to correct this condition. Re-
source controller 210 may adjust/throttle the downlink
transmission from base station 150 and/or the uplink
transmission from wireless device 100 based on CPU
loading. Alternatively or additionally, resource controller
210 may direct areduction of performance of one or more
other active applications running on wireless device 100.
For example, resource controller 210 may direct a back-
ground application (e.g., adownload program) to operate
at a lower speed to reduce CPU demands, which may
then free up CPU resources for a higher priority applica-
tion (e.g., a voice call). Alternatively, resource controller
210 may temporary halt or terminate the background ap-
plication. In any case, controlling the background appli-
cation may not compromise the quality of service (QoS)
of higher priority applications.

[0036] FIG. 3 shows an example of adjusting CPU
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clock frequency based on CPU demands by the active
applications. In this example, three CPU clock frequencie
f1, fr and fy are supported, with f; < f, <f;. The maximum
CPU capacity is achieved with the highest clock frequen-
cy f3.

[0037] CPU 130initially operates with the lowest clock
frequency f; at A. The CPU loading increases due to
higher demands by the active applications and reaches
the high threshold at B. The CPU clock frequency is
switched from f; to f, at C, and the CPU loading drops
at D due to more CPU capacity with the higher clock
frequency f,. The CPU loading increases again due to
higher demands and reaches the high threshold at E.
The CPU clock frequency is switched from £, to f3 at F,
and the CPU loading drops at G due to more CPU ca-
pacity with the higher clock frequency f3. The CPU load-
ing increases again due to higher demands and reaches
the high threshold at H.

[0038] Since the highest CPU clock frequency f5 is al-
ready selected, resource controller 210 starts controlling
the active applications in order to reduce resource de-
mands. The CPU loading decreases in response to con-
trolling of the active applications. Resource controller 210
stops controlling the applications when the CPU loading
reaches an acceptable level at|. The CPU loading there-
after increases again due to higher demands and reach-
es the high threshold at J. Resource controller 210 starts
controlling the active applications, and the CPU loading
decreases in response. Resource controller 210 stops
controlling the applications when the CPU loading reach-
es an acceptable level at K.

[0039] The CPU loading thereafter decreases due to
lower demands by the active applications and reaches a
low threshold at L. After a predetermined time period in
which the demands are at or below the low threshold,
the CPU clock frequency is switched from f; down to f,
at M. The CPU loading increases at N due to less CPU
capacity with the lower clock frequency f,. The CPU load-
ing decreases again due to lower demands and reaches
the low threshold at O. After the predetermined time pe-
riod, the CPU clock frequency is switched from f, down
to f; at P, and the CPU loading increases at Q due to
less CPU capacity with the lowest clock frequency f;.
[0040] In the design shown in FIG. 3, two thresholds
are used to adjust the CPU clock frequency and control
the active applications. The same high and low thresh-
olds may be used forall CPU clockfrequencies, as shown
in FIG. 3. Alternatively, a different set of high and low
thresholds may be used for each CPU clock frequency
and may be selected based on the CPU capacity for that
clockfrequency. In another design, more than two thresh-
olds are used to adjust the CPU clock frequency and/or
control the active applications. The same thresholds may
be used for all active applications. Alternatively, different
active applications may have different sets of thresholds.
Each active application may be controlled based on CPU
loading relative to the set of thresholds applicable for that
application.
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[0041] FIG. 3 shows adjustment of CPU clock frequen-
cy to vary the CPU capacity based on CPU demands.
Other resources such as bus resources may be control-
led in similar manner.

[0042] FIG. 4 shows the interaction between resource
controller 210, resource monitor 212, hardware manager
214, and applications 220a through 220n in FIG. 2. Re-
source controller 210 may receive resource usage re-
ports from resource monitor 212. Each resource usage
report may indicate CPU loading and/or usage of other
resources at wireless device 100. Resource controller
210 may determine whether the available resources are
sufficient to meet the resource demands of the active
applications. Resource controller 210 may send hard-
ware commands (e.g., for lower or higher clock frequen-
cies) to hardware manager 214, which may then set the
hardware configuration to vary resource capacity. Re-
source controller 210 may also send control commands
to each individual active application 220, as needed, to
control resource demands by the application.

[0043] Resource controller 210 may select the active
applications for control in various manners. In one de-
sign, resource controller 210 selects active applications
for control based on their priorities as well as indications
on whether or not these applications can be controlled.
Resource controller 210 may select and control an ap-
plication with the lowest priority first, then an application
with the second lowest priority next, and so on, and then
an application with the highest priority last. For example,
resource controller 210 may select applications in the
following order:

* Diagnostic and other applications that are unrelated
to any services being received,

e Background and delay-tolerant applications, e.g.,
data download, and

* Interactive and delay-sensitive applications, e.g.,
video telephony.

[0044] In certain instances, controlling the diagnostic
application alone may reduce resource demands by a
sufficient amount. If controlling the diagnostic application
is not sufficient, then background applications may be
controlled next, and interactive applications may be con-
trolled as a last resort. This order may reduce impact to
user experience.

[0045] In another design, resource controller 210 se-
lects active applications for control based on their QoS
requirements, if any. Resource controller 210 may select
applications with no QoS requirements first, then appli-
cations with less stringent QoS requirements next, and
so on, and applications with the most stringent QoS re-
quirements last. Resource controller 210 may allocate
sufficient resources to each active application to meet its
QoS requirements. Resource controller 210 may allocate
minimum or no resources to active applications without
any QoS requirements when resource demands exceed
the available resources.
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[0046] In UMTS, a call may have one or more radio
access bearers (RABs) to transport traffic data and one
or more signaling radio bearers (SRBs) to transport sig-
naling. Each RAB may be considered as a separate data
flow having certain characteristics. Each RAB may carry
traffic data for a particular class such as conversational,
streaming, interactive, or background. In one design, the
SRBs are not controlled. RABs carrying interactive and
background classes may be controlled first, e.g., equally
among these RABs. RABs carrying conversational and
streaming classes may be controlled next, e.g., equally
among these RABs. This design may ensure that data
flows are controlled in an order based on their priorities,
as determined by their traffic classes. In general, lower
priority data flows may be controlled first, and higher pri-
ority data flows may be controlled next, e.g., after the
lower priority data flows have been fully controlled.
[0047] Resource controller 210 may control different
applications in different manners. For the diagnostic ap-
plication, resource controller 210 may control the type of
messages and/or events to report by the application, or
may disable the application. For background applica-
tions, resource controller 210 may reduce the amount of
resources (e.g., CPU speed) allocated to these applica-
tions, reduce the datarates on the downlink and/or uplink,
temporarily halt the applications, etc. For interactive ap-
plications, resource controller 210 may reduce the data
rate, frame rate, etc.

[0048] Resource controller 210 may also apply condi-
tional rules to select active applications for control and/or
to control the selected applications. A conditional rule is
a rule to be applied when one or more predetermined
conditions occur. For example, resource controller 210
may vary the downlink data rate for HSDPA in similar
manner as the uplink data rate for HSUPA.

[0049] Inonedesign, resource monitor 212 determines
the CPU loading (e.g., periodically in each measurement
interval), compares the CPU loading against a set of
thresholds, and sends a report to resource controller 210
whenever the CPU loading crosses a threshold. This de-
sign may reduce the number of reports sent by resource
monitor 212 to resource controller 210.

[0050] FIG.5showsadesignforreporting CPU loading
with two thresholds - a high threshold and a low threshold.
The CPU loading may be in one of three possible ranges:

e Off range - covers 0% loading to the low threshold,

* Medium range - covers the low threshold to the high
threshold, and

¢ Highrange- covers the high threshold to 100% load-

ing.

The three ranges may also be referred to as CPU states.
Resource monitor 212 may send a low CPU loading re-
port whenever the CPU loading transitions to the low
range, send a medium CPU loading report whenever the
CPU loading transitions to the medium range, and send
a high CPU loading report whenever the CPU loading
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transitions to the high range.

[0051] Inonedesign,the same highand low thresholds
are used for all active applications. In this design, re-
source controller 210 may receive low, medium, and high
CPU loading reports from resource monitor 212 and may
control the active applications, as necessary. In another
design, a different set of high and low thresholds may be
used for each active application. In this design, resource
monitor 212 may generate low, medium, and high CPU
loading reports for each application based on the set of
thresholds for that application. Resource controller 210
may control each application based on the low, medium,
and high CPU loading reports received for that applica-
tion. The high threshold may be set to a value between
90% and 100%. The low threshold may be set to a value
between 80% and 90%. The high and low thresholds may
also be set to other values.

[0052] Each application may be controlled in a manner
that is appropriate for that application. Data applications
suchas HSDPA and HSUPA may be controlled in various
manners, as described below.

[0053] For HSDPA, base station 150 may send data
to one or more users on a high-speed downlink shared
channel (HS-DSCH) in each 2 ms transmission time in-
terval (TTI). The HS-DSCH is shared by all users viatime
and code division multiplexing. Each user periodically
transmits a channel quality indicator (CQl) that conveys
the downlink channel quality observed by that user. Base
station 150 receives the CQls from all users and uses
the CQl information to (i) select one or more users for
downlink transmission in the next TTI and (ii) select a
data rate for each scheduled user. In general, more data
may be sent to users observing high downlink channel
quality.

[0054] For HSDPA, base station 150 sendsdatain pro-
tocol data units (PDUs) using Radio Link Protocol (RLC)
at a link layer. An RLC PDU is also referred to as a PDU
or a packet in the description below. Each PDU may be
40 bytes, 80 bytes, etc. For RLC, a transmitter sends
PDUs to a receiver, with each PDU being identified by a
sequence number that is incremented whenever a new
PDU is sent. The receiver decodes each received PDU
and sends an acknowledgement (ACK) if the PDU is de-
coded correctly. To improve throughput, the transmitter
may send new PDUs without waiting for ACKs for previ-
ously sent PDUs. An RLC window determines the max-
imum number of outstanding PDUs without ACKs, as
seen from the transmitter. If N denotes the highest num-
bered unacknowledged PDU, which is the start of the
RLC window, and W indicates the RLC window size, then
the highest sequence number that may be sent is equal
to N+W. The transmitter is not able to send a new PDU
unless ACKs have been received for all PDUs sent prior
to the start of the RLC window. The RLC window may
vary in size and may cover 1 to 2047 PDUs. The RLC
window size for HSDPA may be controlled by wireless
device 100 by sending a Window command to base sta-
tion 150. Wireless device 100 may control the amount of
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data sent by base station 150 to wireless device 100 by
selecting an appropriate RLC window size and sending
this window size to the base station. By reducing the RLC
window, the amount of data may be reduced correspond-
ingly since a smaller RLC window would cause base sta-
tion 150 to wait for ACKs for prior PDUs before sending
new PDUs. For uplink transmission in HSUPA, base sta-
tion 150 may send a command to wireless device 100 to
control the amount of data sent by the wireless device.
[0055] In one design, a data application is controlled
by adjusting a window size for that data application. The
window size may be decreased to reduce the amount of
data sent/received by the application, which may then
reduce resource demands by the application. Converse-
ly, the window size may be increased to expand the
amount of data sent/received by the application, which
may then increase resource utilization by the application.
The window size adjustment may be used for downlink
transmission (e.g., by HSDPA) as well as uplink trans-
mission (e.g., by HSUPA). For the downlink, the selected
window size may be sent to base station 150. For the
uplink, the transmitter is located at wireless device 100,
and the window size may be controlled directly without
having to send any commands to base station 150.
[0056] The window size for a data application may be
controlled based on CPU demands in various manners.
In one design, the window size may be varied between
a minimum value and a maximum value, which may be
selected based on various factors. The window size may
be abruptly reduced to the minimum value when a high
CPU loading report is received. This abrupt reduction of
the window size may free up resources as quickly as
possible, since high priority applications may notbe delay
tolerant and should be served as quickly as possible.
This abrupt reduction may also allow the high threshold
to be set aggressively near 100%, which may allow for
higher utilization of CPU resources. When CPU demands
fall, the window size may be increased gradually in steps.
This gradual increase may avoid ping-pong effects (e.g.,
the window size being toggled between the minimum and
maximum values) due to alternating high and low CPU
loading reports. While the window is less than the max-
imum value, the window size may be increased or de-
creased in steps based on the CPU loading reports.
When the window reaches the maximum value, the win-
dow size may be reduced abruptly to the minimum value
the next time a high CPU loading report is received.
[0057] Aflag may be used to indicate whether the data
application is currently being controlled. The flag may be
set to Off initially, then switched from Off to On when a
high CPU loading report is received and the flag is Off,
and switched from On back to Off when the window size
is set to the maximum value with the flag being On. The
window size for the data application may be reduced to
the minimum value when a high CPU loading report is
received and the flag is set to Off. If the flag is set to On
when the high CPU loading report is received, then the
window size may be reduced by a down step periodically
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in each update interval until the minimum value is
reached. When a low CPU loading report is received, the
window size may be increased by an up step periodically
until the maximum value is reached. When a medium
CPU loading report is received, the window size may be
maintained at the current value.

[0058] FIG. 6 shows an example of window size ad-
justment for a data application. This example is for the
design shown in FIG. 5 with high and low thresholds for
CPU loading and low, medium, and high CPU loading
reports. At time T, the flag is Off, and the window size
is set to the maximum value. At time T4, a high CPU
loading report is received, control of the data application
starts, the flag is setto On, and the window size isreduced
to the minimum value. A low CPU loading report is re-
ceived at time T,, and the window size is increased by
an up step. The window size is increased by the up step
after each update interval, at times Ty and T,.

[0059] A medium CPU loading report is received at
time T5, and the window size is maintained. A high CPU
loading reportis received attime Tg, and the window size
is decreased by a down step since the flag is On. The
window size is decreased by the down step after the up-
date interval at time T,. A medium CPU loading report is
received at time Tg, and the window size is maintained.
Alow CPU loading report is received at time Tg, and the
window size is increased by the up step. The window
sizeisincreased by the up step after each update interval,
attimes T4qand T,,. The window size reaches the max-
imum value at time T, 4, the flag is set to Off, and control
of the application terminates.

[0060] A timer may be used to increase or decrease
the window size when the flag is On. The timer may be
started after making a window size adjustment and may
count down the update interval. When the timer expires,
another window size adjustment may be made, and the
timer may be started again. The timer may be paused
when a medium CPU loading report is received and may
be resumed from the paused value or restarted when a
low or high CPU loading report is received.

[0061] Parameters such as the minimum and maxi-
mum window sizes, the up and down step sizes, and the
update interval may be set to appropriate values to
achieve the desired performance. The minimum window
size may be selected to achieve minimum performance
forthe data application as well as to avoid adverse effects
for other protocols. For example, Transmission Control
Protocol (TCP) may time out if no TCP packets are sent
and acknowledged within a retransmission timeout
(RTO). Whenever a timeout occurs, TCP performs con-
gestion control and reduces data flow, which may take a
long time to recover and consequently degrade perform-
ance. The minimum window size may be set to a suffi-
ciently large value to ensure that atleastone TCP packet
can be sent and acknowledged before a TCP timeout
occurs. In one design, the minimum window size may be
set to 80 PDUs, which may avoid TCP timeout. The max-
imum window size may be set to the lower of 2047 or a
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value obtained during call setup or reconfiguration. The
up and down step sizes may be set to one quarter of the
maximum value, so that the window size can be in-
creased to the maximum value in four update intervals,
as shown in FIG. 6. Other up and down step sizes may
also be used. The update interval may be set to 200 ms
or some other duration.

[0062] Foradownlink data application (e.g., HSDPA),
a window command with the new window size may be
sent to base station 150 whenever the window size
changes. The window command may be sent multiple
times to improve reliability if base station 150 does not
send an ACK for the window command. For an uplink
data application (e.g., HSUPA), the new window size may
be applied at wireless device 100.

[0063] A data application may have one or more data
flows, and each data flow may correspond to a different
RAB. A single window may be maintained for all data
flows. Alternatively, a separate window may be main-
tained for each data flow and may be adjusted based on
a set of parameters for that data flow.

[0064] FIG. 6 shows a specific design for controlling a
data application. A data application may also be control-
led in other manners. In another design, the window size
is abruptly reduced to the minimum value whenever a
high CPU loading is received, regardless of whether the
flag is On or Off. In yet another design, more than two
thresholds may be used for reporting CPU loading, and
more than three different CPU loading reports may be
used to control the data application. In this design, the
step size may be dependent on the CPU loading report.
[0065] Inyetanother design, a data application is con-
trolled by regulating the amount of data generated by a
data source. For example, if data for an uplink data ap-
plication arrives from a laptop computer connected to
wireless device 100 via a Universal Serial Bus (USB),
then the laptop computer and/or the USB may be con-
trolled to limit the amount of data received by wireless
device 100. As another example, if the data for uplink
transmission arrives from a TCP entity in a protocol stack
at wireless device 100, then the TCP entity may be con-
trolled to limit the amount of data passed down to lower
layers.

[0066] Inyetanother design, a data application is con-
trolled based on CQl feedback. Wireless device 100 may
periodically measure the downlink channel quality and
send CQI indicative of the measured channel quality.
Base station 150 may use the reported CQl to select a
data rate for downlink transmission to wireless device
100. When CPU loading is not high or the downlink data
application is not controlled, wireless device 100 may
send the measured CQl. When CPU loading is high, wire-
less device 100 may send a CQlI that is lower than the
measured CQI, which may result in base station 150 se-
lecting a lower datarate and sending less data to wireless
device 100. Wireless device 100 may thus send appro-
priate CQls to control the amount of data sent by base
station 150.
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[0067] Inyetanother design, a data application is con-
trolled based on CQI feedback and block error rate
(BLER). Base station 150 may send PDUs to wireless
device 100. Wireless device 100 may attempt to decode
each received PDU and may return an ACK if the PDU
is decoded correctly or a negative acknowledgement
(NAK) if the PDU is decoded in error. Base station 150
may determine the BLER of the downlink transmission,
which is the ratio of the number of PDUs decoded in error
to the total number of transmitted PDUs. Base station
150 may select a data rate for downlink transmission
based on both the CQI reported by wireless device 100
and the BLER maintained by base station 150. If the
BLER is low, e.g., below atarget BLER, then base station
150 may add an offset to the reported CQIl and select a
data rate based on the adjusted CQI. Base station 150
may adjustthe CQl offset up or down to achieve the target
BLER. The CQI offset added by base station 150 may
cancel out the CQI reduction by wireless device 100. To
combat the CQI offset added by base station 150, wire-
less device 100 may send NAKs periodically so that the
measured BLER at base station 150 is close to the target
BLER, and the CQI offset added by base station 150 is
small or zero.

[0068] A dataapplication may also be controlled in oth-
er manners using other mechanisms. A combination of
the designs described above may also be used fora data
application. For example, control based on CQl feedback
may be implemented first and for a predetermined time
duration, and control based on window size adjustment
may be triggered after the predetermined time duration.
As another example, control based on both CQlfeedback
and window size adjustment may be performed simulta-
neously.

[0069] FIG. 7 shows a design of a process 700 per-
formed by awireless device to control applications based
on resource demands. Applications running on the wire-
less device may be executed by a processing unit having
a maximum processing capacity (block 712). The
processing unit may comprise one or more CPUs, DSPs,
general-purpose processors, etc., or any combination
thereof. Processing demands by the applications may be
monitored by a controller, which may be software and/or
hardware on the wireless device (block 714). Atleastone
of the applications may be controlled based on the
processing demands and the maximum processing ca-
pacity of the processing unit (block 716).

[0070] The at least one application may be selected
for control from among the applications running on the
wireless device based on the priorities of these applica-
tions. A low priority application may be controlled first,
and a high priority application may be controlled after the
low priority application has been fully controlled.

[0071] Theatleastoneapplicationto be controlled may
include a data application. This data application may be
controlled by (i) reducing the amount of data exchanged
with (e.g., sent to and/or received from) a base station
when high processing demands are detected, or (ii) in-
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creasing the amount of data exchanged with the base
stationwhen low processingdemands are detected. High
processing demands may correspond to the processing
demands exceeding a high threshold, and low process-
ing demands may correspond to the processing de-
mands falling below a low threshold.

[0072] The data application may be controlled by ad-
justing a window size based on the processing demands
and the maximum processing capacity. The window size
may regulate the number of unacknowledged packets
exchanged by the data application. The window size may
be adjusted between a maximum value and a minimum
value, where the minimum value may be selected to avoid
timeout by TCP and/or other protocol. When high
processing demands are detected, the window size may
be reduced (i) abruptly to the minimum value if the data
application is not yet controlled or (ii) in steps if the data
application is being controlled. When low processing de-
mands are detected, the window size may be increased
in steps, e.g., one up step in each update interval, up to
the maximum value. The window size may be maintained
when medium processing demands are detected. For
the downlink, the window size may be sent to the base
station either once or multiple times to improve reliability.
The window size may be used by RLC in HSDPA.
[0073] The data application may also be controlled
based on CQl feedback. A CQl may be obtained based
on downlink channel quality measured at the wireless
device for the base station. When high processing de-
mands are detected, the CQIl may be reduced, and the
reduced CQIl may be sent to the base station. NAKs may
also be sent for a predetermined percentage of packets
received from the base station, even if the packets are
decoded correctly, when high processing demands are
detected. The data application may also be controlled by
varying the transport block size, by modifying buffer sta-
tus reports sent to the network, etc. The buffer status
reports may be modified so that network resources
(scheduling information and traffic volume measure-
ments) are not wasted.

[0074] FIG. 8 shows a design of a process 800 per-
formed by a base station. Information determined based
on processing demands and maximum processing ca-
pacity at a wireless device is received by the base station
(block 812). The amount of data to exchange with the
wireless device may be controlled based on the received
information (block 814). Data may be exchanged with
the wireless device based on control generated for the
data exchange (block 816). The information may com-
prise a window size regulating the number of unacknowl-
edged packets, e.g., the window size used by RLC for
HSDPA. Packets may then be sent to the wireless device
in accordance with the window size. The information may
comprise CQl, and a data rate may be selected for trans-
mission to the wireless device based on the CQI. The
information may also comprise CQIl and NAKs, and a
datarate may be selected for transmission to the wireless
device based on the CQl and NAKs. In any case, packets
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may be sent to the wireless device in accordance with
the selected data rate.

[0075] FIG. 9 shows a design of a process 900 per-
formed by a wireless device to manage different resourc-
es. Processing demands by applications for assignable
processingresources atthe wireless device may be mon-
itored (block 912). At least one application may be con-
trolled based on the processing demands (block 914).
Bus demands by the applications for assignable bus re-
sources may be monitored (block 916). The at least one
application may be controlled based on the bus demands
(block 918). Memory demands by the applications for
assignable memory resources may be monitored (block
920). The at least one application may be controlled
based on the memory demands (block 922). Cache de-
mands by the applications for assignable cache resourc-
es may be monitored (block 924). The at least one ap-
plication may be controlled based on the cache demands
(block 926). Information on the priorities of the applica-
tions running on the wireless device, whether each ap-
plication is controllable or not controllable, and/or other
information may be received, e.g., from the applications.
The at least one application may be selected for control
based on the received information.

[0076] FIG. 10 shows a design of a process 1000 per-
formed by a wireless device to vary resource capacity to
match resources demands. Applications running on the
wireless device may be executed by a processing unit
having configurable processing capacity (block 1012).
Processing demands by the applications may be moni-
tored (block 1014). The processing capacity of the
processing unit may be adjusted based onthe processing
demands (block 1016). For example, the clock frequency
of the processing unit may be varied to adjust the
processing capacity. A higher clock frequency may be
selected for the processing unit when the processing de-
mands exceed a high threshold. A lower clock frequency
may be selected for the processing unit when the
processing demands fall below a low threshold. Bus de-
mands by the applications may be monitored (block
1018). The bus capacity may be adjusted based on the
bus demands (block 1020). For example, the clock fre-
quency of the bus may be varied to adjust the bus ca-
pacity.

[0077] Thetechniquesdescribed herein may beimple-
mented by various means. For example, these tech-
nigues may be implemented in hardware, firmware, soft-
ware, or a combination thereof. For a hardware imple-
mentation, the processing units used to perform the tech-
niques at an entity (e.g., a wireless device or a base sta-
tion) may be implemented within one or more application
specific integrated circuits (ASICs), digital signal proces-
sors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gatearrays (FPGAs), processors, controllers, micro-con-
trollers, microprocessors, electronic devices, other elec-
tronic units designed to perform the functions described
herein, a computer, or a combination thereof.



19 EP 2 069 932 B1 20

[0078] Forafirmware and/or software implementation,
the techniques may be implemented with modules (e.g.,
procedures, functions, etc.) that perform the functions
described herein. The firmware and/or software instruc-
tions may be stored in a memory (e.g., memory 134 or
162 in FIG. 1) and executed by a processor (e.g., proc-
essor 132 or 160). The memory may be implemented
within the processor or external to the processor. The
firmware and/or software instructions may also be stored
in other processor-readable medium such as random ac-
cess memory (RAM), read-only memory (ROM), non-vol-
atile random access memory (NVRAM), programmable
read-only memory (PROM), electrically erasable PROM
(EEPROM), FLASH memory, compact disc (CD), mag-
netic or optical data storage device, etc.

[0079] An apparatus implementing the techniques de-
scribed herein may be a stand-alone unit or may be part
of adevice. The device may be (i) a stand-alone integrat-
ed circuit (IC), (ii) a set of one or more ICs that may include
memory ICs for storing data and/or instructions, (iii) an
ASIC such as a mobile station modem (MSM), (iv) a mod-
ule that may be embedded within other devices, (v) a
cellular phone, wireless device, handset, or mobile unit,
(vi) etc.

Claims

1. A wireless device (100) capable of communicating
with a base station (150) in a wireless network, hav-
ing an apparatus comprising:

means (212) for monitoring processing de-
mands by applications running on the wireless
device for a processing unit having a maximum
processing capacity; and

means (210) for controlling at least one of the
applications based on the processing demands
and the maximum processing capacity, said
means for controlling the at least one application
further comprising means for adjusting a window
size for the at least one application based on the
processing demands and the maximum
processing capacity, the window size regulating
a number of unacknowledged packets transmit-
ted between the at least one application and a
base station to thereby increase or reduce an
amount of data exchanged with said base sta-
tionresponsive to said processingdemands and
maximum processing capacity.

2. The wireless device of claim 1, wherein the at least
one application comprises a data application, and
wherein the means for controlling the at least one
application comprises
means for reducing amount of data exchanged by
the data application with the base station when high
processing demands are detected, and
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means for increasing the amount of data exchanged
by the data application with the base station when
low processing demands are detected.

The wireless device of claim 1, wherein the means
for adjusting is further operative to increase a size
of said window in steps, up to a maximum value,
when low processing demands are detected.

A device (100) capable of wireless communication
with a base station (150), comprising:

a processing unit (120) having configurable
processing capacity and operative to execute
applications running on the device; and

a controller (200) operative to monitor process-
ing demands by the applications and to adjust
the processing capacity of the processing unit
based on the processing demands and to adjust
awindow size foratleastone of said applications
based on the processing demands, the window
size regulating a number of unacknowledged
packets transmitted between the at least one
application and the base station to thereby in-
crease or reduce an amount of data exchanged
with said base station responsive to said
processing demands.

The device of claim 4, wherein the controller is op-
erative to vary clock frequency of the processing unit
to adjust the processing capacity.

The device of claim 4, wherein the controller is op-
erative to select a higher clock frequency for the
processing unit when the processing demands ex-
ceed a high threshold, and to select a lower clock
frequency for the processing unit when the process-
ing demands fall below a low threshold.

The device of claim 4, further comprising:

a bus having configurable bus capacity, and
wherein the controlleris operative to monitor bus
demands by the applications and to adjust the
bus capacity based on the bus demands.

The device of claim 7, wherein the controller is op-
erative to vary clock frequency of the bus to adjust
the bus capacity.

A method for controlling an amount of data ex-
changed with a wireless device (100) in a wireless
communication network comprising:

receiving information representative of a win-
dow size determined based on processing de-
mands and maximum processing capacity atthe
wireless device; and
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controlling an amount of data to exchange with
the wireless device based on the received infor-
mation by regulating a number of unacknowl-
edged packets exchanged with the wireless de-
vice to thereby increase or reduce an amount of
data exchanged with said wireless device re-
sponsive to said received information.

The method of claim 9, wherein the information is
further based on a CPU loading report.

The wireless device of claim 3, wherein the means
for controlling is operative to adjust the window size
between a maximum value and a minimum value,
the minimum value being selected to avoid timeout
by Transmission Control Protocol (TCP).

The wireless device of claim 1, wherein the means
for controlling is operative to reduce the window size
from a maximum value to a minimum value when
high processing demands are detected and the data
application is not yet controlled, and to reduce the
window size in steps when high processingdemands
are detected and the data application is being con-
trolled.

The wireless device of claim 1, wherein the means
for controlling is operative to reduce size of the win-
dow regulating a number of unacknowledged proto-
col data units (PDUs) sent by Radio Link Protocol
(RLC) for High-Speed Downlink Packet Access
(HSDPA) when high processing demands are de-
tected, and to send the window size to the base sta-
tion.

The wireless device of claim 1, wherein the means
for controlling is operative to obtain a channel quality
indicator (CQl) based on measured channel quality
at the wireless device for the base station, to reduce
the CQl when high processing demands arc detect-
ed, and to send the reduced CQl to the base station.

The wireless device of claim 14, wherein the means
for controlling is operative to send negative acknowl-
edgements (NAKs) for a predetermined percentage
of packets received from the base station, even if
the packets are decoded correctly, when high
processing demands are detected.

Patentanspriiche

Drahtloses Gerat (100), das mit einer Basisstation
(150) in einem drahtlosen Netzwerk kommunizieren
kann, mit einer Vorrichtung, die Folgendes umfasst:

Mittel (212) zum Uberwachen von Verarbei-
tungsbedarf durch auf dem drahtlosen Geréat
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laufende Anwendungen fiir eine Verarbeitungs-
einheit miteiner maximalen Verarbeitungskapa-
zitat; und

Mittel (210) zum Steuern von wenigstens einer
der Anwendungen auf der Basis des Verarbei-
tungsbedarfs und der maximalen Verarbei-
tungskapazitat, wobei das genannte Mittel zum
Steuern der wenigstens einen Anwendung fer-
ner Mittel zum Justieren einer FenstergroRe fiir
die wenigstens eine Anwendung auf der Basis
des Verarbeitungsbedarfs und der maximalen
Verarbeitungskapazitdt umfasst, wobei die
FenstergrolRe die Anzahl von zwischen der we-
nigstens einen Anwendung und einer Basissta-
tion gesendeten unquittierten Paketen reguliert,
um dadurch eine Menge an mit der Basisstation
ausgetauschten Daten als Reaktion auf den ge-
nannten Verarbeitungsbedarf und die maximale
Verarbeitungskapazitat zu erhéhen oder zu ver-
ringern.

Drahtloses Gerat nach Anspruch 1, wobei die we-
nigstens eine Anwendung eine Datenanwendung
umfasst und wobei das Mittel zum Steuern der we-
nigstens einen Anwendung Folgendes umfasst:

Mittel zum Reduzieren der Menge an Daten, die
von der Datenanwendung mit der Basisstation
ausgetauscht werden, wenn hoher Verarbei-
tungsbedarf erkannt wird, und

Mittel zum Erhéhen der Menge an Daten, die
von der Datenanwendung mit der Basisstation
ausgetauscht werden, wenn geringer Verarbei-
tungsbedarf erkannt wird.

Drahtloses Gerat nach Anspruch 1, wobei das Mittel
zum Justieren ferner die Aufgabe hat, eine GroRe
des genannten Fensters in Schritten, bis zu einem
maximalen Wert, zu erhéhen, wenn niedriger Verar-
beitungsbedarf erkannt wird.

Gerat(100),dasdrahtlos mit einer Basisstation (150)
kommunizieren kann, das Folgendes umfasst:

eine Verarbeitungseinheit (120) mit konfigurier-
barer Verarbeitungskapazitat und mit der Auf-
gabe, auf dem Gerat laufende Anwendungen
abzuarbeiten; und

einen Controller (200) mit der Aufgabe, Verar-
beitungsbedarf durch die Anwendungen zu
Uberwachen und die Verarbeitungskapazitat
der Verarbeitungseinheit auf der Basis des Ver-
arbeitungsbedarfs zu justieren und eine Fens-
tergroRe flr wenigstens eine der genannten An-
wendungen auf der Basis des Verarbeitungsbe-
darfs zu justieren, wobei die FenstergroRe eine
Anzahl von zwischen der wenigstens einen An-
wendung und der Basisstation gesendeten un-
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quittierten Paketen regelt, um dadurch eine
Menge an mit der genannten Basisstation aus-
getauschten Daten als Reaktion auf den ge-
nannten Verarbeitungsbedarf zu erhéhen oder
Zu verringern.

Geratnach Anspruch 4, wobei der Controller die Auf-
gabe hat, die Taktfrequenz der Verarbeitungseinheit
zu variieren, um die Verarbeitungskapazitat zu jus-
tieren.

Geratnach Anspruch 4, wobei der Controller die Auf-
gabe hat, eine hdhere Taktfrequenz fir die Verar-
beitungseinheit zu wahlen, wenn der Verarbeitungs-
bedarf eine hohe Schwelle ibersteigt, und eine tie-
fere Taktfrequenz fir die Verarbeitungseinheit zu
wahlen, wenn der Verarbeitungsbedarf unter eine
tiefe Schwelle abfallt.

Gerat nach Anspruch 4, das ferner Folgendes um-
fasst:

einen Bus mit konfigurierbarer Buskapazitat,
wobei der Controller die Aufgabe hat, den Bus-
bedarf durch die Anwendungen zu liberwachen
und die Buskapazitat auf der Basis des Busbe-
darfs zu justieren.

Geratnach Anspruch 7, wobei der Controller die Auf-
gabe hat, die Taktfrequenz des Busses zu variieren,
um die Buskapazitat zu justieren.

Verfahren zum Regeln einer Menge an Daten, die
mit einem drahtlosen Gerat (100) in einem drahtlo-
sen Kommunikationsnetzwerk ausgetauscht wer-
den, das Folgendes beinhaltet:

Empfangen von Informationen, die eine Fens-
tergroRe reprasentieren, die auf der Basis von
Verarbeitungsbedarf und maximaler Verarbei-
tungskapazitat an dem drahtlosen Gerat be-
stimmt wird; und

Regeln einer Menge an Daten zum Austau-
schen mit dem drahtlosen Gerat auf der Basis
der empfangenen Informationen durch Regeln
einer Anzahl von mitdem drahtlosen Gerat aus-
getauschten unquittierten Paketen, um dadurch
eine Menge an mit dem genannten drahtlosen
Gerat ausgetauschten Daten als Reaktion auf
die genannten empfangenen Informationen zu
erhéhen oder zu verringern.

10. Verfahren nach Anspruch 9, wobeidie Informationen

ferner auf einem CPU-Auslastungsbericht basieren.

11. Drahtloses Gerat nach Anspruch 3, wobei das Mittel

zum Regeln die Aufgabe hat, die FenstergréRe zwi-
schen einem maximalen Wert und einem minimalen
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Wert zu justieren, wobei der minimale Wert so ge-
wahlt wird, dass Zeitabschaltung durch TCP (Trans-
mission Control Protocol) vermieden wird.

Drahtloses Gerat nach Anspruch 1, wobei das Mittel
zum Regeln die Aufgabe hat, die FenstergroRe von
einem maximalen Wert auf einen minimalen Wert zu
reduzieren, wenn hoher Verarbeitungsbedarf er-
kannt und die Datenanwendung noch nicht gesteu-
ert wird, und die FenstergroRe in Schritten zu redu-
zieren, wenn hoher Verarbeitungsbedarf erkannt
und die Datenanwendung gesteuert wird.

Drahtloses Gerat nach Anspruch 1, wobei das Mittel
zum Regeln die Aufgabe hat, die GréRe des Fens-
ters zu reduzieren, das eine Anzahl von vom Radio
Link Protocol (RLC) fir High-Speed Downlink Pa-
cket Access (HSDPA) gesendeten unquittierten Pro-
tokolldateneinheiten (PDUs) regelt, wenn hoher Ver-
arbeitungsbedarf erkannt wird, und die Fenstergro-
Re zur Basisstation zu senden.

Drahtloses Gerat nach Anspruch 1, wobei das Mittel
zum Regeln die Aufgabe hat, einen Kanalqualitats-
indikator (CQl) auf der Basis von gemessener Ka-
nalqualitdt am drahtlosen Gerat fur die Basisstation
zu erhalten, um den CQIl zu reduzieren, wenn hoher
Verarbeitungsbedarf erkannt wird, und um den re-
duzierten CQI zur Basisstation zu senden.

Drahtloses Gerat nach Anspruch 14, wobei das Mit-
tel zum Regeln die Aufgabe hat, negative Quittierun-
gen (NAKs) fur einen vorbestimmten Prozentanteil
von von der Basisstation empfangenen Paketen
selbstdann zu senden, wenn die Pakete korrekt de-
codiert sind, wenn hoher Verarbeitungsbedarf er-
kannt wird.

Revendications

1.

Dispositif sans fil (100) capable de communiquer
avec une station de base (150) dans un réseau sans
fil, ayant un appareil comprenant :

un moyen (212) pour surveiller des demandes
de traitement par des applications exécutées
sur le dispositif sans fil pour une unité de traite-
ment ayant une capacité de traitement
maximum ; et

un moyen (210) pour commander aumoins 'une
des applications en fonction des demandes de
traitement et de la capacité de traitement maxi-
mum, ledit moyen de commande de I'au moins
une application comprenant en outre un moyen
de réglage d’une taille de fenétre de I'au moins
une application en fonction des demandes de
traitement et de la capacité de traitement maxi-
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mum, la taille de fenétre régulant un nombre de
paquets non acquittés transmis entre 'au moins
une application et une station de base pour ainsi
augmenter ou réduire une quantité de données
échangée avec ladite station de base en répon-
se auxdites demandes de traitement et capacité
de traitement maximum.

Dispositif sans fil selon la revendication 1, dans le-
quel 'au moins une application comprend une ap-
plication de données, et dans lequel le moyen de
commande de 'au moins une application comprend
un moyen de réduction de la quantité de données
échangée par I'application de données avec la sta-
tion de base quand des demandes de traitement éle-
vées sont détectées, et

un moyen d’augmentation de la quantité de données
échangée par I'application de données avec la sta-
tion de base quand des demandes de traitement fai-
bles sont détectées.

Dispositif sans fil selon la revendication 1, dans le-
quel le moyen de réglage sert en outre a augmenter
une taille de ladite fenétre par pas, jusqu’a une valeur
maximum, quand des demandes de traitement fai-
bles sont détectées.

Dispositif (100) capable de communications sans fil
avec une station de base (150), comprenant :

une unité de traitement (120) ayant une capacité
de traitement configurable et servant a exécuter
des applications exécutées sur le dispositif ; et
un contréleur (200) servant a surveiller les de-
mandes de traitement par les applications et a
ajuster la capacité de traitement de I'unité de
traitement en fonction des demandes de traite-
ment et a ajuster une taille de fenétre d’au moins
'une desdites applications en fonction des de-
mandes de traitement, la taille de fenétre régu-
lant un nombre de paquets non acquittés trans-
mis entre 'au moins une application et une sta-
tion de base pour ainsi augmenter ou réduire
une quantité de données échangée avec ladite
station de base en réponse auxdites demandes
de traitement.

Dispositif selon la revendication 4, dans lequel le
contrdleur sert a faire varier la fréquence d’horloge
de l'unité de traitement pour ajuster la capacité de
traitement.

Dispositif selon la revendication 4, dans lequel le
contrdleur sert a sélectionner une fréquence d’hor-
loge supérieure pour l'unité de traitement quand les
demandes de traitement dépassent un seuil haut, et
a sélectionner une fréquence d’horloge inférieure
pour l'unité de traitement quand les demandes de
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traitement chutent en dessous d’un seuil bas.

Dispositif selon la revendication 4, comprenant en
outre :

un bus ayant une capacité de bus configurable,
et dans lequel le contréleur sert a surveiller les
demandes de bus par les applications et a ajus-
ter la capacité du bus en fonction des demandes
de bus.

Dispositif selon la revendication 7, dans lequel le
contrdleur sert a faire varier la fréquence d’horloge
du bus pour ajuster la capacité du bus.

Procédé de commande d’une quantité de données
échangée avec un dispositif sans fil (100) dans un
réseau de communication sans fil comprenant :

la réception d’informations représentatives
d’une taille de fenétre déterminée en fonction
de demandes de traitement et d’une capacité
de traitement maximum au niveau du dispositif
sans fil ; et

la commande d’une quantité de données a
échanger avec le dispositif sans fil en fonction
des informations regues en régulant un nombre
de paquets non acquittés échangés avec le dis-
positif sans fil pour ainsi augmenter ou réduire
une quantité de données échangée avec ledit
dispositif sans fil en réponse auxdites informa-
tions regues.

Procédé selon la revendication 9, dans lequel les
informations sont basées sur un rapport de charge-
ment d’unité centrale.

Dispositif sans fil selon la revendication 3, dans le-
quel le moyen de commande sert a ajuster la taille
de fenétre entre une valeur maximum et une valeur
minimum, la valeur minimum étant sélectionnée
pour éviter un dépassement de temps par un proto-
cole de commande de transmission (TCP).

Dispositif sans fil selon la revendication 1, dans le-
quel le moyen de commande sert a réduire la taille
de fenétre d’'une valeur maximum a une valeur mi-
nimum quand des demandes de traitement élevées
sont détectées et I'application de données n’est pas
encore commandée, et a réduire la taille de fenétre
par pas quand des demandes de traitement élevées
sont détectées et 'application de données est com-
mandée.

Dispositif sans fil selon la revendication 1, dans le-
quel le moyen de commande sert a réduire la taille
de fenétre régulant un nombre d’unités de données
de protocole (PDU) non acquittées envoyées par un
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protocole de liaison radio (RLC) pour un accés de
paquets de liaison descendante a haut débit (HSD-
PA) quand des demandes de traitement élevées
sont détectées, et envoyer la taille de fenétre a la
station de base.

Dispositif sans fil selon la revendication 3, dans le-
quel le moyen de commande sert a obtenir un indi-
cateur de qualité de canal (CQl) en fonction d’une
qualité de canal mesurée au niveau du dispositif
sans fil pour la station de base, réduire le CQl quand
des demandes de traitement élevées sont détec-
tées, et envoyer le CQIl réduit a la station de base.

Dispositif sans fil selon la revendication 14, dans le-
quel le moyen de commande sert a envoyer des ac-
quittements négatifs (NAK) pour un pourcentage
prédéterminé de paquets regus depuis la station de
base, méme si les paquets sont décodés correcte-
ment, quand des demandes de traitement élevées
sont détectées.
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