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(57) Abstract: Method, apparatus, and computer program
product example embodiments are disclosed to enable re-
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a performance profile and/or by controlling transmission
power for a wireless transmitter in the module of the de-
vice in response to the performance profile.
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TITLE: WIRELESS COMMUNICATION USING PERFORMANCE POLICY

FIELD:
[0001] Example embodiments relate to wireless communication, and for example, to

performance reduction in wireless communication devices.

BACKGROUND:
[0002] Modern society has quickly adopted, and become reliant upon, handheld

devices for wireless communication. For example, cellular telephones continue to proliferate
in the global marketplace due to technological improvements in both the communication
quality and device functionality. These wireless communication devices have become
common for both personal and business use, allowing users to transmit and receive voice, text
and graphical data from a multitude of geographic locations. The communication networks
utilized by these devices span different frequencies and cover different transmission distances,

each having strengths desirable for various applications.

[0003] Cellular networks facilitate wireless communication over large geographic
areas. These network technologies have commonly been divided by generations, starting in
the late 1970s to early 1980s with first generation (1G) analog cellular telephones that
provided baseline voice communication, to modern digital cellular telephones. Global System
for Mobile Communications (GSM) is an example of a widely employed 2G digital cellular
network. This network provides voice communication and also supports the transmission of
textual data via the Short Messaging Service (SMS). SMS allows a wireless communication
device (WCD) to transmit and receive text messages. The Multimedia Messaging Service
(MMS), an enhanced messaging system allowing for the transmission of sound, graphics and
video files in addition to simple text, has also become available in certain devices. Emerging
technologies, e.g., Digital Video Broadcasting for Handheld Devices (DVB-H), will make
streaming digital video, and other similar content, available via direct transmission to a WCD.
While long-range communication networks like GSM are a well-accepted means for
transmitting and receiving data, due to cost, traffic and legislative concerns, these networks

may not be appropriate for all data applications.
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[0004] Short-range wireless networks provide communication solutions that avoid
some of the problems seen in larger cellular networks. Bluetooth™ is an example of a short-
range wireless technology quickly gaining acceptance in the marketplace. A 1 Mbps
Bluetooth™ radio may transmit and receive data at a rate of 720 Kbps within a range of 10
meters, and may transmit up to 100 meters with additional power boosting. Enhanced Data
Rate (EDR) technology, which is also available, may enable maximum asymmetric data rates
of 1448 Kbps for a 2 Mbps connection and 2178 Kbps for a 3 Mbps connection. In addition
to Bluetooth™, other popular short-range wireless networks include, for example, IEEE
802.11 Wireless LAN, Wireless Universal Serial Bus (WUSB), Ultra Wideband (UWB),
ZigBee (IEEE 802.15.4), wherein each of these example wireless mediums have features and

advantages that make them appropriate for various applications.

[0005] The IEEE 802.11 Wireless LAN Standards describe two major components, a
wireless device, called a station (STA), and a fixed device, called an access point (AP). The
AP may perform the wireless-to-wired bridging from STAs to a wired network. The basic
network is the basic service set (BSS), which is a group of wireless devices that communicate
with each other. An infrastructure BSS is a network that has an AP as an essential node. In
an independent basic service set (IBSS) mode, also known as ad-hoc between two STAs, the
basic approach is similar to the infrastructure BSS case whereas one STA is operating as an

access point.

[0006] Currently, Wireless LAN (WLAN) devices use only a standard doze state
based power saving, wherein the device goes into a sleep state if the device knows that there
will be no data available from the AP or host. In an active mode, the device consumes power
at a constant rate regardless of any required link budget and signal to noise ratio. In many
cases radio specifications have a significant amount of performance overhead, which leads to

higher energy consumption.

SUMMARY:

[0007] Method, apparatus, and computer program product example embodiments are
disclosed to enable one or more modes of operation between wireless devices. Example
embodiments may decrease performance in wireless LAN devices by utilizing a
reconfigurable radio modem, which is reconfigured in response to information in both the

modem and a host of the subsystem. The modem may include performance reduction logic.
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An interface connects the modem to the host’s control logic. The interface enables the host to

control several different implementations of adjustable modem structures.

[0008] The host sets a performance profile / policy based approach for the modem’s
control logic. The performance profile /policy describes how sensitive the local control
should be in cases of lost packets, detected changes in environment, or other parameters that
may affect performance. The performance profile / policy may describe the threshold at
which a lower energy state should transition back to a normal operating state where the
receiver resumes listening with full sensitivity. The performance profile may be an index
number. The performance profile may have one ore more other parameters, e.g., how many
missed packets may occur or by how much radio channel quality metrics may change before

state change.

[0009] Example embodiments are disclosed to adjust performance in a transmitter by
adjusting transmission power. Example embodiments are based on a performance profile /
policy based approach, which may be a power save abstraction layer. In reducing
transmission power, transmission power levels are adjusted, depending on the current
performance profile and the related parameters, e.g. a transmit-policy signal-to-noise ratio
limit and/or a transmit-policy error limit. The performance profile / policy based approach
may define the allowable packet error rate and/or an allowable signal-to-noise (SNR) value.
The performance profile is controlled by the host and the execution of the performance
adjustment mechanism is performed autonomously in the modem based‘on the performance

profile.

[0010] Example embodiments are disclosed to adjust performance in a receiver by
changing sensitivity in the receiver, for example, by adjusting the analog to digital converter
(ADC) portion of the receiver. A bit-width of the ADC may be reduced to change sensitivity.
The sensitivity change may be based on the performance profile / policy based approach,
different settings / reconfigurations are performed depending on the current performance
profile and the related parameters. The parameters may define an allowable packet error rate
and/or an allowable signal-to-noise ratio (SNR) value or other receiver parameters. The
performance profile is controlled by the host and the execution of the performance
adjustment mechanism is performed autonomously in the modem based on the performance

profile.
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[0011] Example embodiments may include three parts: the modem, the interface,
and/or the host. The modem, which may be a separate chipset, has an inbuilt, sensitivity
adjustment based, performance reduction scheme, which is controlled by the host via the
common interface. Performance adjustment may be implemented in various ways. An
example embodiment may include an analog-to-digital converter (ADC) resolution-based
approach wherein fewer converted bits results in less consumed power. Another example
embodiment may include reducing the noise figure of the radio frequency (RF) front-end.
Still another example embodiment may place the more primary ADCs into a sleep state while
the channel state is monitored before packet transmission. The above performance adjustment
implementations may be used in combination. The modem may include one or more
modules including the control for the control for receiver sensitivity, the control for

transmission power, the receiver, and/or the transmitter.

[0012] Example embodiments separate the control into real-time control (or run-time
control) of the modem and overall performance policy control by the host. The host will set
guidelines via the interface as to how the real-time logic in the modem is to operate. The
local control at the modem requires usage dependent knowledge. An example is two devices
connected via an ad hoc connection. Channel state estimation in a conventional WLAN
system may be relatively inaccurate and there may be a lag in communication between the
modem and the host. However, example embodiments may improve accuracy and decrease
lag through local control at the modem, which adapts independently and more rapidly to

faster changes in the radio environment,

[0013] According to an example embodiment, a method may include receiving a
performance profile in a module. Receiver sensitivity levels for a wireless receiver in the .
module may be determined in response to the performance profile. Sensitivity levels for the
wireless receiver in the module may be controlled in response to the determined receiver

sensitivity levels.

[0014] According to an example embodiment, a method may include receiving a
performance profile in a module. A transmission power for a wireless transmitter in the
module may be determined in response to the performance profile. Transmission power for
the wireless transmitter in the module may be controlled in response to the determined

transmission power.
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[0015] An apparatus may include a module and/or a processor. The module may
include a wireless receiver and/or be configured to receive a performance profile.' The
processor may be configured to determine receiver sensitivity levels for the wireless receiver
in response to the performance profile and to control sensitivity levels for the wireless

receiver in response to the determined receiver sensitivity levels.

[0016] An apparatus may include a module and/or a processor. The module may
include a wireless transmitter and/or be configured to receive a performance profile. The
processor may be configured to determine a transmission power for the wireless transmitter
in response to the performance profile and to control transmission power for the wireless

transmitter in response to the determined transmission power.

DESCRIPTION OF THE FIGURES:

10017] Fig. 1 illustrates an external view and a functional block diagram of an

example embodiment of a wireless device;

[0018] Fig. 2 illustrates a block diagram of control logic of a device according to an

example embodiment;

[0019] Fig. 3 shows an example state diagram of receiver control in response to a

receive policy;

[0020] Fig. 4 shows an example state diagram of transmitter control in response to a
transmit policy;
[0021] Fig. 5 illustrates an external view and a functional block diagram of an

example embodiment of a modem,;

[0022] Fig. 6 illustrates a block diagram of an example interface between a host and a

modem according to an example embodiment;

[0023] Fig. 7 shows an example state diagram for setting parameters of receiver

control; and

[0024] Fig. 8 shows an example state diagram for setting parameters of transmitter

control.
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DISCUSSION OF EXAMPLE EMBODIMENTS:

[0025] Fig. 1 illustrates an external view and a functional block diagram of an

example embodiment of a wireless device 100A. The wireless device 100A may be a
communications device, PDA, cell phone, mobile terminal, laptop or palmtop computer, or
any other apparatus. The wireless device 100A may include a control module 220, which
includes a central processing unit (CPU) 260, a random access memory (RAM) 262, a read
only memory (ROM) 264, and/or interface circuits 266 to interface with a radio transmitter
212, receiver 214, battery and other power sources, key pad, touch screen, display,
microphone, speakers, ear pieces, camera or other imaging devices, etc. in the device 100A.
The central processing unit 260 may be a complex logic module, an ASIC, or an instruction
processor. The RAM 262 and ROM 264 may be removable memory devices, e.g., smart
cards, subscriber identification modules (SIMs), wireless identity modules (WIMs),
semiconductor memories, (¢.g., RAM, ROM, programmable read only memory (PROM),
flash memory devices), etc. The wireless device 100A includes, for example, an internet
protocol stack that includes a user’s application program 203 at the top, and from the
application program 203 to the bottom of the stack a Transmission Control Protocol (TCP)
transport layer 204, an Internet Protocol (IP) layer 205, an upper Media Access Control
(MAC) layer 206, an interface 208, a lower Media Access Control (MAC) layer 210, and/or
the radio physical layer comprising the transmitter (TX) 212 and the receiver (RX) 214 at the
bottom of the protocol stack. The Media Access Control (MAC) layers 206 and 210 may be
an [EEE 802.11 MAC layer, for example, which provides functionality to allow reliable data
delivery for the upper layers over the wireless medium. The device may support other upper
layer protocols, e.g., User Datagram Protocol (UDP). The wireless device might operate as

station (STA) or as access point in a WLAN network.

[0026] Fig. 2 illustrates a block diagram of control logic of a device according to an
example embodiment. Example embodiments of the device 100A may include: modem 202,
interface 208, and/or host 200. The host 200 of the wireless device 100A. may include
communication layers from the upper media access control (MAC) layer 206 upwards to the

application layer 203 as shown by Fig 1.

[0027] Fig. 5 illustrates an external view and block diagram of an example
embodiment of the modem 202. The modem 202, which may be a separate chipset, may
have a vendor specific implementation of the lower MAC layer 210, and/or the radio physical

layer comprising at least one transmitter 212 and/or at least one receiver 214 at the bottom of
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the protocol stack. The modem 202 may include a CPU 560, a RAM 562, and/or a ROM
564. The CPU 560 may be a complex logic module, an ASIC, or an instruction processor.
The ROM may be a removable ROM, flash memory or EPROM. The interface 208 connects
the modem 202 part to the host’s 200 control logic. The interface 208 enables the host 200 to
control various different implementations of adjustable modem 202 structures or may be used
for any other data communication. For example, the modem 202 may have inbuilt
transmission power adjustment and receiver sensitivity adjustment, which are controlled by
the host 200 of Fig 1 via the interface 208. For example, the modem 202 may include a
transmission module including the transmission power adjustment control and/or the
transmitter 212, a receiver module including the receiver sensitivity adjustment control and/or
the receiver 214, or a transmitter/receiver module including the transmission power
adjustment control, the receiver sensitivity adjustment control, and/or the transmitter 212 and
receiver 214. Fig. 5 illustrates an example embodiment of the modem 202; however,
example embodiments are not limited thereto and the modem 202 may have various other

configurations.

[0028] Referring again to Fig. 2, the control logic of host 200 may include an input-
to-output mapping algorithm. The host 200 may assign parameters or parameter ranges to
independent local control entities at the modem 202, e.g., in the module or modules of the
modem 202. For example, parameter groups may include transmission rate, transmission
power, scheduler control, scanning/bandover control, and/or receiver dynamic range. The
host 200 may set the parameter groups based on information that is available to the host 200
from a terminal energy manager, applications, location information, sensors, (e.g.,
acceleration sensor), and/or information from the modem 202. The host 200 and the modem
202 may exchange information via the interface 208, which may be a WLAN HAL
application program interface (API).

[0029] The modem 202 may include various local functions, for example, a rate
algorithm (RA_Modem), scan/handover control (S/HC_Modem), transmission power control
(TPC_Modem), receiver dynamic range control (RDR_Modem), and/or a scheduler
(SCH_Modem). The local functions/control entities in the modem 202, which may be
flexibly controlled and optimized depending on an operating context and environment, may
be implemented with separate and/or different run-time controls. The various local functions
in the modem 202 may make independent decisions, and parameter changes by one of the

local functions in the control logic of the modem 202 need not affect other local functions in
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the modem 202. However, the control logic may make parameter changes to some, all, or
none of the local functions. The local control logic in the modem 202 may have input
parameters, which may be common, and the input parameters may be used to make operating
decisions at run-time. Cross optimization of parameters may be performed by the host 200,
and the host 200 may set a separate policy that is a guideline for local control in the modem
202. After the local control in the modem 202 receives a policy from the host 200, the local
control changes internal decision limits or similar parameters according to the policy.
Alternatively, cross-optimized operating modes in the modem 202 may be selected using a
performance profile / policy based approach (PerformID) as a group selection parameter.
Accordingly, the modem 202 sets each control parameter of the local functions as specified in
the PerformID. Fig. 2 illustrates example embodiments of control logic for the device 100A;
however, example embodiments are not limited thereto and the device 100A may include
various other types of control logic / functions and/or interfaces between host 200, interface
208, and modem 202.

[0030] Fig. 6 illustrates a block diagram of an example interface between a host and a
modem according to an example embodiment. An interface 608 between a modem 602,
which may have a hardware platform specific access interface, and the host 600, which may
be a WLAN host driver, may be based on adaptation layer software, which may be specific to
the modem 602. The adaptation layer software, for example a WLAN HAL API (WHA)
layer, may run on the host 600, and the host 600 may implement the WHA layer as the
interface 608. The host 600 may receive the device specific adaptation layer software from
the modem 602. The interface 608 may convert the logical operations defined by the host
600 to device specific operations of the modem 602 and transport the converted logical
operations to the modem 602. The interface 608 may convert the device specific operations
of the modem 202 to the logical operations defined by the host 600 and transport the
converted device specific operations to the host 600. The interface 608 may hide the device
specific messaging, e.g., the real-time control, of the modem 602 from the host 600, which
may allow the host 600 to handle only the logical operations, (e.g., host 600 needs only to set
guidelines via the interface 608 as to how the real-time logic is to operate). Fig. 6 illustrates
example embodiments for a WLAN system; however, example embodiments are not limited

thereto and may be employed in other networks or systems.

[0031] Referring again to Fig. 1, the control module 220, internet protocol stack
layers 204 to 210, and/or application program 203 and transmitter 212 and/or receiver 214
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may be embodied as program logic stored in the RAM 262 and/or ROM 264 in the form of
sequences of programmed instructions which, when executed in the CPU 260, carry out the
functions of example embodiments. The program logic may be delivered to the writeable
RAM, programmable read-only memory (PROM), flash memory devices, etc. 262 of the
wireless device 100A from a computer program product or article of manufacture in the form
of computer-usable media, e.g., resident memory devices, smart cards or other removable
memory devices, or in the form of program logic transmitted over any transmitting medium
which transmits programs. Alternately, the control module 220, internet protocol stack layers
204 to 210, application program 203, and/or transmitter 212 and/or receiver 214 may be
embodied as integrated circuit logic in the form of programmed logic arrays or custom
designed application specific integrated circuits (ASIC). Each part may be combined in one
or several integrated circuits or using CPUs. The radio transmitter 212 and receiver 214 in
wireless device 100A may be configured to handle one or multiple channels in a relatively

high speed, time and frequency multiplexed manner in response to the control module 220.

[0032] The control in device 100A may be divided into two parts. Real-time control
may be located at the modem 202, and the host 200 may set guidelines via the interface 208
as to how the real-time logic is to operate, to avoid performance drawbacks. The local
control at the modem may be included in the one or more modules of the modem, which may
also include the transmitter 212 and/or the receiver 214. The local control at the modem 202
may require usage dependent information. An example is two devices connected via an ad
hoc connection. Channel state estimation in a WLAN system may not be very accurate and a
lag in communication between the modem 202 and the host 200 may exist. Therefore, local
control at the modem 202 is able to adapt independently and faster to rapid changes in the

radio environment.

[0033] The host 200 sets a performance profile / policy based approach (PerformID)
in a policy register 215 for the modem 202’s control logic. Combined or dedicated policy
registers may be available for the transmitter 212 and/or receiver 214. Combined or
dedicated registers per each receiver and/or transmitter may be available if more than one
receiver 214 and/or transmitter 212 are available. For example, PerformID describes how
sensitive the local control at the modem 202 should be in cases of lost packets, detected
changes in environment, and/or other parameters that may affect to performance, before the
local control abandons a lower performance state and starts to listen with full sensitivity.

PerformID may be an index number or PerformID may have additional parameters, e.g., how
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many missed packets may occur or by how much radio channel quality metrics may change
before state change. In another example PerformID may include parameters related to
transmission rate, transmission power, scheduler control, scanning/handover control, and/or

receiver dynamic range.

[0034] For example, the host 200 may set the PerformID, which defines transmission
power and/or receiver parameter ranges which should be used in run-time control of the
modem 202. Accordingly, the PerformID allows application usage, and environment
dependent running of the modem 202. For example, the PerformID set by the host 200 may
indicate an amount of packet retransmissions required before a state change, a WLAN mode
(e.g., infrastructure, ad-hoc) and/or the connectivity of the device (e.g., active data sources in
different access categories (AC). Any other or further indications might be used. The modem
202 may have a control entity, e.g., in the one or more modules of the modem 202, separate
from the host 200 and the control logic of the host 200 which configures transmitter 212
and/or receiver 214 parameters according to different PerformIDs. For example, the modem
202 may determine the signal and noise strength (e.g., RSSI) and/or packet error ratio (e.g.,
errors in received packets), etc. for received packets, (e.g., on a packet-by-packet basis). The
modem 202 may detect parameters, (e.g., movement, external radio transmissions (e.g.,
Bluetooth or some other radio), etc.), and/or control real-time operations of transmission

power, transmission rate, receiver sensitivity, etc.

[0035] The host 200 may set any number of various PerformIDs. The PerformIDs
may have parameters including traffic load (e.g., type and amount allowed),
transmission/receive mode optimization curve (e.g., for power, throughput, errors) and/or
movement of the device, etc. For example, the device 200 may be in communication using a
safe mode PerformID. The safe mode may maximize link margin at a first phase. Channel
and application analysis may begin, and after connection is established the host 200 may set a
usage specific PerformID for the modem 202 to continue operation in a throughput or power
optimized manner. Throughput optimization may target maximum capacity and reduce
delays during connection. If there are enough link margins, lower transmission power may
be used; however, the modem 202 may generally use maximum transmission power and a
highest supported rate. If capacity requirements are lower, the host 200 may set a PerformID
to improve power operation at modem 202. The modem 202, e, g., the transmission module,
may use a lower transmission rate and/or power depending on channel statistics. The modem

202 may operate in the safe mode, (e.g., after notification to the host 200), if errors are

10
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detected or the link margin drops below a desired, or alternatively, a predetermined level.
Accordingly, the host 200 may set a safe mode and/or one or more various other PerformIDs

to control the state of the modem 202.

[0036] Fig. 7 shows example state diagram for setting parameters of receiver control
of the modem. The host 200 may alter receiver performance policy RxPerformPolicy of
receiver by setting a RxPerformPolicy command with an index parameter, e.g., in the
PerformID. The index parameter may describe a set.of parameters that are used for
performance management in receiver control. If the receiver 214 receives a RxPerformPolicy
command, the receiver 214 determines if the index parameter differs from the parameter set
for the safe mode (or normal operation mode or any other mode), e.g., 1 in Fig. 7. The
receiver 214 may change run-time operation parameters based on the altered
RxPerformPolicy. For example, as illustrated in Fig. 7, a receive policy limit RxPolicyLimit
for link quality may be set to a minimum signal-to-noise ratio (SNR) rate plus a desired, or
alternatively, a predetermined margin, and a receive policy limit RxPolicyLimit for packet
errors may be set in accordance with a value corresponding to the altered receive
performance policy RxPerformPolicy. Fig. 7 illustrates examples embodiments having a
PerformID including an index number; however, example embodiments are not limited

thereto and the PerformID may include other or additional parameters.

[0037] Fig. 8 shows example state diagram for setting parameters of transmitter
control of the modem. The host 200 may alter transmission performance policy
TxPerformPolicy of the transmitter 212 by setting a TxPerformPolicy command with an
index parameter, e.g., in the PerformID. If the transmitter 212 receives a TxPerformPolicy
command, the transmitter 212 determines if the index parameter differs from the safe mode
(or normal operation mode), e.g., 1 in Fig. 8. The transmitter 212 may change run-time
operation parameters based on the altered TxPerformPolicy. For example, as illustrated in
Fig. 8, a transmit policy limit TxPolicyLimit for link quality may be set to a minimum signal-
to-noise ratio (SNR) rate plus a desired, or alternatively, a predetermined margin, and/or a
transmit policy limit TxPolicyLimit for missed acknowledgements (ACKs) may be set in
accordance with a value corresponding to the altered receive power policy TxPerformPolicy.
Fig. 8 illustrates examples embodiments having a PerformID including an index number;
however, example embodiments are not limited thereto and the PerformID may include other

or additional parameters.

11
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[0038] Example embodiments are disclosed to save power in a WLAN transmitter by
adjusting transmission power. Example embodiments are based on a performance profile /
policy based approach (PerformID), which may be a performance abstraction layer. In
adjusting transmission power, the power levels are adjusted, depending on the current
performance profile and the related parameters, e.g. a transmit-policy signal-to-noise ratio
limit and/or a transmit-policy error limit stored in a transmit policy partition 218 of the at
least one policy register 215. The performance profile / policy based approach (PerformID)
defines the allowable packet error rate and an allowable signal-to-noise (SNR) value. The
performance profile is controlled by the host 200 and the execution of the performance
mechanism is performed autonomously in the modem 202 based on the allowable packet

error rate and the allowable SNR value defined by the PerformID.

[0039] Example embodiments are disclosed to reduce performance in a WLAN
receiver by adjusting the sensitivity in the receiver, for example, the analog to digital
converter (ADC) portion of the receiver. An example embodiment may reduce bit-width of
the ADC. The bit-width reduction method may be based on the performance profile / policy
based approach (PerformID). Example embodiments may include analog and/or digital
modules or elements for processing of the received signal. If the PerformID is used, different
settings / reconfigurations are performed depending on the current profile and the related
parameters stored in a receive policy partition 216 of the policy register 215. The parameters
may define the allowable packet error rate and/or allowable SNR value or other receiver
parameters. The performance profile PerformID is controlled by the host 200 and the
execution of the performance adaption mechanism is performed autonomously in the modem
202.

[0040] Example embodiments may also employ movement tracking to create more
accurate channel estimations. If movement of the device 100A is detected, a less aggressive
scheme may be used at the modem 202 depending on the PerformID. If no movement is
detected, the modem 202’s control logic may assume that channel estimation is valid for a
longer period of time, (e.g., a RX and TX Policy Timeout parameter may be extended in

response to information received at the modem 202 from the host 200 via the interrupt signal).

Modem Control In Response To A Receive Policy
[0041] Fig. 3 shows example real-time operation state diagram of the modem 202

control of the receiver 214 in response to a receive policy stored in the receive policy

12
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partition 216. In the exemplary embodiment presented parameters are receive policy signal-
to-noise ratio limit (RxPolicySNRLimit) and receive policy error limit (RxPolicyErrorLimit).
The presented parameters are described by the PerformID and stored in the receive policy
partition 216 of the at least one policy register 215, Alternately, the parameters may be
modified using a separate overrun parameter. Channel quality and/or missed packets metrics
are one example of parameters which modem 202 may utilize if modem 202 is determining
an improved way to utilize a selected energy saving method. Accordingly, instead of setting
a full range of different parameters using different commands, the PerformID command
indicates how the local control in the modem 202 may be adapted to the different usage. The
PerformID scheme may be modified according to modem 202 implementation. In an example
embodiment there may also be a separate fast signal (interrupt) between host 200 and modem
202, which in case of a sudden change in operating environment is used to reset performance

saving features of the modem 202, e.g., modem 202 goes to “safe mode” in Fig. 2.

[0042] As WLAN energy consumption is receiver dominated, e.g. modem 202 will
generally spend more active time receiving a packet or listening to a channel, even moderate
reduction in average power in a receive or listening state will cause a proportional effect on
overall energy consumption. Example estimated average energy saving for an example
embodiment as compared to a conventional implementation may be substantial for both
receiver functions and transmission functions if WLAN standard doze state based power
saving is utilized for the conventional implementation. However, if the doze state is not used
for the conventional implementation, estimated gains of an example embodiment as

compared to the conventional implementation are much larger.

[0043] The example state diagram of receiver control of Fig. 3 includes state 302,
which is a safe mode with normal performance of the receiver 214. For example, according
to an example embodiment, the safe mode may allow for any type of data/traffic load, any
movement of the device 100A, and/or a maximum link margin (e.g., maximum RX
sensitivity). However, the safe mode is not limited thereto and may include any number of
desired parameters and parameter values. If a signal-to-noise (SNR) change is detected by
the modem 202, e.g., in the one or more modules of the modem 202, a decision 304 is made
by the modem 202 to determine whether the link quality is greater than the receive policy
limit RxPolicyLimit in partition 216 of policy register 215. If decision 304 is NO, the state
remains in state 302. If decision 304 is YES, the state changes from state 302 to state 306 for

an adjusted, e.g., reduced, performance of the receiver 214, An amount of RX performance
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adjustment in state 306 may be proportional to a difference between measured link quality
and receive policy limit RxPolicyLimit depending on an implementation of receiver 214, Ifa
packet error is detected by the modem 202, a decision 308 is made by the modem 202 to
determine whether the detected number of packet errors N_packet_errors is less than the
receive policy limit RxPolicyLimit in partition 216 of policy register 215. If decision 308 is
YES, the state remains in state 306 and the link quality is periodically rechecked at 304 to
decide if the state should return to state 302. If decision 308 is NO, the state changes from
state 306 to state 302 for the safe mode with normal performance of the receiver 214.
Alternatively, a state transition from state 306 to 302, e.g., to safe mode, may occur if a time
period from a last link quality measurement is violated, (e.g., a received packet exceeds
RxPolicyTimeout parameter value set by host 200). For example, according to an example
embodiment, the adjusted RX performance mode may be used for connection maintenance

like beacon reception in a WLAN infrastructure, ad-hoc and/or mesh networks.

[0044] Although example embodiments are described with regard to a single adjusted
performance state / mode of the receiver 214, example embodiments are not limited thereto.
Example embodiments may include a plurality of adjusted performance states / modes having
different performance aspects, (e.g., parameters), for the receiver 214. For example, example
embodiments may include a plurality of modes having receiver performance levels different
than a safe mode with normal performance of the receiver 214. Accordingly, example
embodiments may switch between the plurality of adjusted performance states / modes to
increase or decrease receiver performance, (e.g., receiver sensitivity), without needing to

return to the safe mode.

[0045] In an example embodiment receiver performance reduction methods may
include a less bits approach, less performance approach, a reduction in noise figure of RF
front end approach, and/or an approach putting main ADC’s into a sleep state. However,
example embodiments are not limited thereto, and various methods of reducing receiver
performance and/or sensitivity may be implemented by example embodiments. For example,
ADC operation in the receiver 214 may use fewer bits, e.g., 6 bits inséead of 8 bits. If the
modem 202 detects that there is available link margin and allowance from host 200, the
modem 202 may set reconfigurable ADCs in a lower performance mode. For example, in a
case of a sigma-delta ADC, an iteration loop is run by a slower clock. In a case of flash
ADCs, a switch may be used to drop part of a resistor tree out of operation with some

modifications to used voltages. However, example embodiments are not limited thereto, and
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a reduction in a number of bits for ADC operation in the receiver 214 may be implemented in

various ways.

[0046] In an example embodiment receiver performance may be reduced by a
reduction in the noise figure of the RF front end of the receiver 214. The modem 202 may
use a reconfigurable design block to control channel adaptive front-end. Noise figure
reduction may be performed by shutting off a low noise amplifier (LNA) of the receiver
chain of the receiver 214. According to another example embodiment, RF front-end circuitry
of the receiver 214 may include separate operating points which may be selected using
switches such that performance parameters, (e.g., gain, noise figure, linearity or the like),
may be lowered. Active RF components may be adjusted by controlling the bias current
which determines an operating point, e.g., an applicable input power region (dynamic range)
and sensitivity of the receiver 214. In another example embodiment, analog baseband
circuits in the receiver 214 may be modified to trade-off dynamic range for power. However,
a reduction in the noise figure of the RF front end of the receiver 214 may be implemented in

various other ways.

[0047] In an example embodiment, receiver performance may be reduced by putting
main ADC’s into a sleep state. For example, received signal strength indication (RSSI)
measurement may be implemented in an analog front end of the receiver 214. ADCs of a
mixed signal receiver RX chain in the receiver 214 may be kept in a sleep state until a
received frame start is detected. A reduced performance mode may be implemented solely in
a digital domain of a transmitter and/or receiver chain, or in both the analog and digital
domains. For example, the reduced performance mode may be implemented by reducing the
bit width of functional modules used in the transmitter and/or receiver chains or by using
special lower performance modules in the transmitter 212 and/or receiver 214. For the digital
domain, signal-to-noise ratio (SNR) may be estimated before receiving a frame, and frames
having higher error probability, (e.g., error probably above a threshold level), may be
discarded. Each of the digital blocks in the receiver 214 may operate symbol by symbol, and
if errors are detected in any phase, the following blocks are not turned on and the remainder
of the packet is discarded. For example, ADCs may be put into a sleep state in the digital
domain through asynchronous logic. Any of the presented examples for receiver performance
adjustments may be used alone or may be combined with any other of the above presented

adjustments methods.

Modem Control In Response To A Transmit Policy
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[0048] The WLAN channel access scheme requires that all stations in the network
detect each other. If transmission power is reduced, there is a likelihood of a hidden terminal
that will cause collisions. More effective utilization of transmission power adjustment
requires more efficient channel estimation. However, the WLAN standard may not support
two-directional link margin measurements or link state knowledge exchange. Therefore,
additional information may be needed if transmission power adjustment-based performance

features are to be utilized in a WLAN chipset.

[0049] However, there are some cases where additional information is not necessary.
For example, in an ad-hoc point-to-point connection, a station may make a reasonable
assumption that there are no additional stations operating and, thus, the station’s transmission
power may be changed according to an estimated path loss. However, a host in the station
may have delayed information concerning the path loss. A modem may not utilize
transmission power-based energy save efficiently because the modem does not have a usage

or service requirement-based information as to when to use transmission power adjustments.

[0050] Example embodiments may reduce power consumption of the WLAN
equipped terminal by utilizing a modular system architecture. The modem 202, e.g., the one
or more modules in the modem 202, may have real-time channel monitoring information that
may be combined to control transmission power. The modem 202 may have internal control
logic that adjusts the transmission power according to a detected path loss and/or link quality.
The host 200 may set different policies as to how the modem 202 should use transmission
power control to reduce energy consumption via the interface 208 and commands. The
interface 208 and a division of the functions performed by the host 200 and the modem 202

are aspects of example embodiments.

[0051] Fig. 4 shows example state diagram of the transmitter control. In the presented
example parameters transmit policy signal-to-noise ratio limit (TxPolicySNRLimit) and
transmit policy error limit (TxPolicyErrorLimit) are stored in the transmit policy partition 218
of the PerformID policy register 215. Alternately, the parameters may be modified using
separate overrun parameters. Channel quality and number of missed ACKs are one example
of parameters, which modem 202 may utilize if modem 202 is determining an improved way
to utilize selected energy saving methods. The PerformID command to the modem 202
indicates to the modem 202 how the local control in the modem 202 may be adapted to the
different usage situations, instead of setting a full range of different parameters using

different commands. PerformID scheme may be modified according to modem 202
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implementation. For example, if there is a transmission buffer of several packets or some
packet aggregation scheme is used, the host 200 may sleep to save power; however, the
modem 202 may still independently adjust link SNR of each packet if the host 200 sleeps.
There may also be a separate fast signal (interrupt) between host 200 and modem 202 which,
in case of a sudden change in operating environment, is used to reset performance adjustment

features of the modem 202, for example, the modem 202 goes to “safe mode” as in Fig. 4.

[0052] The example state diagram of Fig. 4 includes state 402, which is the safe mode
with normal performance of the transmitter 212. Ifa signal-to-noise (SNR) change is
detected by the modem 202, a decision 404 is made by the modem 202 whether the link
quality is greater than the transmit policy limit TxPolicyLimit in partition 218 of policy
register 215. If decision 404 is NO, the state remains in state 402. If decision 404 is YES,
the state changes from state 402 to state 406 for adjusting, (e.g., dropping), the transmit
power of transmitter 212. The size of the adjustment may be proportional to a difference
between link quality metrics and TxPolicyLimit. If an acknowledgement (ACK) is missed as
detected by the modem 202, a decision 408 is made by the modem 202 whether the detected
number of missed ACKs (N_missed ACKs) is less than the transmit policy limit
TxPolicyLimit in partition 218 of policy register 215. If decision 408 is YES, the state
remains in state 406, but TX power may be increased by one step and the link quality is
periodically rechecked at 404 to decide if the state should return to state 402. If decision 408
is NO, the state changes from state 406 to state 402 for the safe mode with normal
performance of the transmitter 212. State transition from state 406 to 402 safe mode may
happen when a time limit expires from last link quality measurement for example received

packet exceeds TxPolicyLimit parameter value.

[0053] Although example embodiments are described with regard to a single adjusted
performance state / mode of the transmitter 212, example embodiments are not limited
thereto. Example embodiments may include a plurality of adjusted performance states /
modes having different performance aspects, (e.g., parameters), for the transmitter 212. For
example, example embodiments may include a plurality of modes having transmitter
performance levels different than a safe mode with normal performance of the transmitter
212. Accordingly, example embodiments may switch between the plurality of adjusted
performance states / modes to increase or decrease transmitter performance, (e.g.,

transmission power), without needing to return to the safe mode.
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[0054] In an example embodiment, the one more transmitter modules in the modem
202, may adjust transmission power based on a current PerformID through energy scalable
amplification. A power amplifier may consume almost half of the total transmission mode
energy. Transmission power may be scaled according to channel attenuation, and may be
adjusted step by step using an amplifier with variable gain and compression point.
Adjustments may be performed at run-time with digital control, and digital back-off may be

changed according to changed amplifier properties.

[0055] In an example embodiment, an adjustable amplification chain of a
transmission chain in transmitter 212 may include a variable gain amplifier (VGA), current
buffer, power amplifier driver, and/or external power amplifier. Each amplifier may be
digitally adjustable. The amplifiers may be adjusted through tunable degeneration resistance
to impact gain and linearity, tunable load resistance to impact amplification gain, tunable bias
current or voltage to affect direct current (DC) power consumption and overall performance,
and/or tunable supply voltage to impact the DC power and performance. However, example
embodiments are not limited thereto, and transmission power may be adjusted in various

other ways.

[0056] Using the description provided herein, example embodiments may be
implemented as a machine, process, or article of manufacture by using standard programming
and/or engineering techniques to produce programming software, firmware, hardware or any

combination thereof.

[0057] Any resulting program(s), having computer-readable program code, may be
embodied on one or more computer-usable media such as resident memory devices, smart
cards or other removable memory devices, or transmitting devices, thereby making a
computer program product or article of manufacture according to the embodiments. As such,
the terms "article of manufacture” and "computer program product" as used herein are
intended to encompass a computer program that exists permanently or temporarily on any

computer-usable medium or in any transmitting medium which transmits such a program.

[0058] As indicated above, memory/storage devices include, but are not limited to,
disks, optical disks, removable memory devices such as smart cards, SIMs, WIMs,
semiconductor memories such as RAM, ROM, PROMS, etc. Transmitting mediums include,
but are not limited to, transmissions via wireless communication networks, internet, intranets,

telephone/modem-based network communication, hard-wired/cabled communication network,
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satellite communication, and other stationary or mobile network systems/communication
links.

[0059] Although specific example embodiments have been disclosed, a person skilled
in the art will understand that changes can be made to the specific example embodiments
without departing from the spirit and scope thereof. For example, the features described
herein may be employed in any other wited or wireless communication networks other than

Wireless LAN networks.
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CLAIMS:

What is claimed is:
1. A method, comprising:
receiving a performance profile in a module;

determining receiver sensitivity levels for a wireless receiver in the module in

response to the performance profile; and

controlling sensitivity levels for the wireless receiver in the module in response to the

determined receiver sensitivity levels.

2. The method of claim 1, wherein said determining sensitivity levels is in response to
comparing link quality detected by the module to a receive policy limit of the performance

profile.

3. The method of claim 2, wherein if said detected link quality violates said receive

policy limit, changing the receiver from a normal receive state to a reduced performance state.

4. The method of claim 3, wherein said determining sensitivity levels is further in
response'to comparing packet errors detected by the module to the receive policy limit of the

performance profile.

5. The method of claim 4, wherein if said detected packet errors violates said receive
policy limit, changing the receiver from said reduced performance state to said normal

receive state.

6. A method, comprising:
receiving a performance profile in a module;

_ determining a transmission power for a wireless transmitter in the module in response

to the performance profile; and

20



WO 2010/038094 PCT/IB2008/002580

controlling transmission power for the wireless transmitter in the module in response

to the determined transmission power.

7. The method of claim 6, wherein said determining transmission power is in response
to comparing link quality detected by the module to a transmit policy limit of the

performance profile.

8. The method of claim 7, wherein if said detected link quality violates said transmit
policy limit, changing the transmitter from a normal performance state to a reduced

performance state.

9. The method of claim 8, wherein said controlling transmission power is further in
response to comparing missed acknowledgements determined by the module to the transmit

policy limit of the performance profile.

10. The method of claim 9, wherein if said missed acknowledgements violates said
transmit policy limit, changing the transmitter from said reduced performance state to said

normal performance state.

11. An apparatus, comprising:
a module including a wireless receiver;
said module configured to receive a performance profile; and

a processor configured to determine receiver sensitivity levels for the wireless
receiver in response to the performance profile and to control sensitivity levels for the

wireless receiver in response to the determined receiver sensitivity levels.

12. The apparatus of claim 11, wherein said sensitivity levels are determined in
response to comparing link quality detected by the module to a receive policy limit of the

performance profile.
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13. The apparatus of claim 12, wherein if said detected link quality violates said
receive policy limit, changing the receiver from a normal receive state to a reduced

performance state.

14. The apparatus of claim 13, wherein said sensitivity levels are further controlled in
response to comparing packet errors detected by the module to the receive policy limit of the

performance profile.

15. The apparatus of claim 14, wherein if said detected packet errors violates said
receive policy limit, changing the receiver from said reduced performance state to said

normal receive state.

16. An apparatus, comprising:
a module including a wireless transmitter;
said module configured fo receive a performance profile; and

a processor configured to determine a transmission power for the wireless transmitter
in response to the performance profile and to control transmission power for the wireless

transmitter in response to the determined transmission powet.

17. The apparatus of claim 16, wherein said transmission power is determined in
response to comparing link quality detected by the module to a transmit policy limit of the

performance profile.

18. The apparatus of claim 17, wherein if said detected link quality violates said
transmit policy limit, changing the transmitter from a normal transmit state to a reduced

performance state.
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19. The apparatus of claim 18, wherein said transmission power is further changed in
response to comparing missed acknowledgements determined by the module to the transmit

policy limit of the performance profile.

20. The apparatus of claim 19, wherein if said missed acknowledgements violates said
transmit policy limit, changing the transmitter from said reduced performance state to said

normal transmit state.

21. A computer program product, comprising:

a computer readable medinm configured to store program instructions, which when

executed by a computer processor, perform the steps of:
receiving a performance profile in a module;

determining receiver sensitivity levels for a wireless receiver in the module in

response to the performance profile; and

controlling sensitivity levels for the wireless receiver in the module in response to the

determined receiver sensitivity levels.

22. A computer program product, comprising:

a computer readable medium configured to store program instructions, which when

executed by a computer processor, perform the steps of:
receiving a performance profile in a module;

determining a transmission power for a wireless transmitter in the module in response

to the performance profile; and

controlling transmission power for the wireless transmitter in the module in response

to the determined transmission power.

23. An apparatus, comprising:

means for receiving a performance profile in a module; and
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means for determining a transmission power for a wireless transmitter in the module

in response to the performance profile; and

means for controlling transmission power for the wireless transmitter in the module in

response to the determined transmission power.

24. An apparatus, comprising:
means for receiving a performance profile in a module;

means for determining receiver sensitivity levels for a wireless receiver in the module

in response to the performance profile; and

means for controlling sensitivity levels for the wireless receiver in the module in

response to the determined receiver sensitivity levels.

25. The method of claim 1, wherein said controlling sensitivity levels is in response to

a change in signal-to-noise ratio detected by the module.

26. The method of claim 6, wherein said controlling transmission power is in response

to a change in signal-to-noise ratio detected by the module.

27. The apparatus of claim 11, wherein said controlling sensitivity levels is in

response to a change in signal-to-noise ratio detected by the module.

28. The apparatus of claim 16, wherein said controlling transmission power is in

response to a change in signal-to-noise ratio detected by the module.

29. The method of claim 1, wherein the sensitivity levels for the wireless receiver are

controlled by adjusting a bit width of an analog-to-digital converter in the wireless receiver.
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30. The method of claim 1, wherein the sensitivity levels for the wireless receiver are

controlled by adjusting a noise figure of a RF front end of the wireless receiver.

31. The method of claim 1, wherein the sensitivity levels for the wireless receiver are
controlled by putting at least a portion of analog-to-digital converters in the wireless receiver

in a sleep state before the receiver receives a frame.

32. The apparatus of claim 11, wherein the sensitivity levels for the wireless receiver
| .
are controlled by adjusting a bit width of an analog-to-digital converter in the wireless

receiver.

33. The apparatus of claim 11, wherein the sensitivity levels for the wireless receiver

are controlled by adjusting a noise figure of a RF front end of the wireless receiver.

34. The apparatus of claim 11, wherein the sensitivity levels for the wireless receiver
are controlled by putting at least a portion of analog-to-digital converters in the wireless

receiver in a sleep state before the wireless receiver receives a frame.

35. A system, comprising:
a host configured to provide a performance profile;
a module including a wireless receiver; and

an interface coupled to the module and the host, configured to transfer at least a

portion of the performance profile from the host to the module;

said module configured to determine receiver sensitivity levels for the wireless
receiver in response to the performance profile and to control sensitivity levels for the

wireless receiver in response to the determined receiver sensitivity levels.

36. A system, comprising:

a host configured to provide a performance profile;
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a module including a wireless transmitter; and

an interface coupled to the module and the host, configured to transfer at least a
portion of the performance profile from the host to the module;

said module configured to determine a transmission power for the wireless transmitter
in response to the performance profile and to control transmission power for the wireless

transmitter in response to the determined transmission power.

37. A method, comprising:
generating a performance profile in a host; and

providing the performance profile to a module including a wireless receiver to
determine sensitivity levels in response to the performance profile, wherein the module is
configured to control sensitivity levels in the wireless receiver in response to the determined

sensitivity levels.

38. The method of claim 37, wherein said performance profile relates to link quality

for receiving wireless messages.

39. The method of claim 37, wherein said performance profile relates to packet errors

for receiving wireless messages.

40. A method, comprising:
generating a performance profile in a host; and

providing the performance profile to a module including a wireless transmitter to
determine transmission power in response to the performance profile, wherein the module is
configured to control transmission power of the wireless transmitter in response to the

determined transmission power.

41. The method of claim 40, wherein said performance profile relates to link quality

for transmitting wireless messages.
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42. The method of claim 40, wherein said performance profile relates to packet errors

for transmitting wireless messages.

43. An apparatus, comprising:
a host;
said host configured to generate a performance profile; and

a processor configured to provide the performance profile to a module including a
wireless receiver to determine sensitivity levels in response to the performance profile,
wherein the module is configured to control sensitivity levels in the wireless receiver in

response to the determined sensitivity levels.

44. The apparatus of claim 43, wherein said performance profile relates to link quality

for receiving wireless messages.

45. The apparatus of claim 43, wherein said performance profile relates to packet

errors for receiving wireless messages.

46. An apparatus, comprising:
a host;
said host donﬁgured to generate a performance profile; and

a processor configured to provide the performance profile to a module including a
wireless transmitter to determine transmission power in response to the performance profile,
wherein the module is configured to control transmission power of the wireless transmitter in

response to the determined transmission power.

47. The apparatus of claim 46, , wherein said performance profile relates to link

quality for transmitting wireless messages.
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48. The apparatus of claim 46, wherein said performance profile relates to packet

errors for transmitting wireless messages.

49. A computer program product, comprising:

a computer readable medium configured to store program instructions, which when

executed by a computer processor, perform the steps of:
generating a performance profile in a host; and

providing the performance profile to a module including a wireless receiver to
determine sensitivity levels in response to the performance profile and controlling sensitivity

levels in the wireless receiver in the module in response to the determined sensitivity levels.

50. A computer program product, comprising:

a computer readable medium configured to store program instructions, which when

executed by a computer processor, perform the steps of:
generating a performance profile in a host; and

providing the performance profile to a module including a wireless transmitter to
determine transmission power in response to the performance profile and controlling
transmission power of the a wireless transmitter in the module in response of the determined

transmission power.

28



PCT/IB2008/002580

WO 2010/038094

1/8

r-"""""""-""—"=

I V00l 30IAIA SSATIHIM

[Tt B 'S
“VA P12 ¥IAIZOTY I ¢0c N3aon “ N
T | N
212 Y3 LLINSNVYHL I | .
|
| JRE TR N | l "Old
_ \
81T _ 0LZ HIAV1 ,
o« <L
AOI10d ! OVIN ¥IMOT _ ooz || |
LINSNVYHL | ﬂ " eIl
lllllllll it R _
oz _
AJI10d 802 ) . _
N0 [ goyaymin [© 7| reEwo |
ST | ﬁ |||||| - “
¥31s193y “ " zozmve || |
Aol10d L QZTHIAAVT | |
aryamod |7 OVIN ¥3ddn | [ ,
» I | _
“ ! i |
092 NdD
| SOZHAAVT | 1, _
“ LANYILNI | _
! | _
“ { ! 0zz |
! 702 YAV | TOULNOD
“ LHOdSNVYEL [+ ! > " VOOL
! !
| A _ _ IDINIA
i _ | SSATIHIM
€02 _
| NOLLYOINddY “
I

/



PCT/IB2008/002580

WO 2010/038094

2/8

¢ Old

r—=—=-—=/ [ e | r——=-—"
| seomes | | seomss | |  seomes |
( Juswsinseayy _ _m:.tS.EoE «S.\_ | sansne;s _
e o — — ] | ——— b e e — )
Z0z W3AONn
no no no no no_
wepoy HOS wapoy Hay WSPOy Od.L wepoly DH/S Wapoy vy
NI NI NI NI NI
80¢ ol _I_
FOVAUILNI & g_\ )ﬂ
ino 1no OJU| UCI}EI0]
abuey onueuiq xy jo)juoo Jamod X3
NI Ni
1no
00 1SOH {013U0D IBjNPaYSS O4Ul JOSUSS UCHON
NI
S e
Janopuenr/buluuesg ul z__ ey
NI
wysoBe buiddews yndyno-o3-3nduj

ojul

8oIMeg




PCT/IB2008/002580

WO 2010/038094

3/8

¢ 'Old

80¢

HWIrAdodxy > slole jaxoed N

SOA
Jols Jeyoed

soueuwuouad me

palsnipy L

90e —

y0€g

Jwirikonodxy < Anenb yur

abueys UNS

48]
souewLIoLIad

ON

XY [eulIoN




PCT/IB2008/002580

WO 2010/038094

4/8

¥ "Old

801

HWITAolodX L > SOV pessi™N

SBA
possiW MOV

Jamod x| paonpay Q

J

o0y —

SOA

oy

yuwrholodx 1. < Ayenb yurq

abueyo yYNS

[4%%

ON

Jamod X] |euloN




PCT/IB2008/002580

WO 2010/038094

5/8

G "Old

|

¢0¢ NIAON

96 INOYH
YLZ YIAIZOTNH
lllllll | | N
L Y3 LLINSNVYL

012 098 NdD

HIAVT OVIN YIMOT

802
FOVAYILNI




PCT/IB2008/002580

WO 2010/038094

6/8

9 'Ol

30IA3A NVTIM

onen
Xd /XL

209 —»] S0B1ISIU) SS800.

oyads wuopeld pH

=

VHM

JOALIQ a21A8( BI9SAUd-Qad

Jenug soime( (esifo1-add
Asepunog FANYIN

1 19Ke] YHM

%

809
aoepAIU
soeqied vHM W
29} ejegainbyuo
i w,Mmg_n_sés_w_ o8 =  senupisouNvIm
d
009




PCT/IB2008/002580

WO 2010/038094

7/8

L "Old

Aoljoduuiopadxy = (Jous jexoed N)ILUITASIIO XY
WBIel + (FLVHUIWANS = (Alenoxurnnwiiolodxy
POl aouBwWOUSd pajsnipy

00, —

SO

0L

I < Aojjoquuiousdxy

ON

0L souewopad
X3 [EWLON <

- RQUOE m%mw:




PCT/IB2008/002580

WO 2010/038094

8/8

8 'Ol

foljoduuiopadx L = (SHOV Pessiw N wAolodx L
uibJeiy + (LYHUIWYNS = (AenOYur)uAsyodx L
PO sdouewiopad paisnipy

908 —

SOA

¥08

| < Aoljoquuiopadxy.

ON

o8 souewopad

X1 JewIoN -t
- Spowl sjeg,




INTERNATIONAL SEARCH

REPORT

International application No

PCT/1B2008/002580

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W52/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

H04N HO4L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

ET AL) 26 January 2006 (2006-01-
paragraph [0009]
-paragraph [0019]
figure 1

paragraph {0032];

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X us 2005/048960 Al (YAMAUCHI MASAHIRO [JP] 1-50-

ET AL) 3 March 2005 (2005-03-03)

paragraph [0029] - paragraph [0032]

paragraph [0071] - :

paragraph [0089]

paragraph [0151] - paragraph [0152]

f1gures 1,2,4,5,16
X US 2006/019723 Al (VORENKAMP PIETER [US] 1-50

-26)

-/ »

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance .

"E* earlier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
“which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the internationai fllmg date but
later than the priority date claimed

*T* later document published after the- international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of patticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same ‘patent famity

rye

g

Date of the actual completion of the international search

22 July 2009

Date of mailing of the intemational search repon

30/07/2009

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk -
Tel. (+31-70) 3402040,
Fax: (+31-70) 340-3016

Authorized officer

Grimaldo, Michele .

Form PCT/ISA/210 (second sheet) {April 2005)

.page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2008/002580

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2004/041538 Al (SKLOVSKY VLADIMIR [US])
4 March 2004 (2004-03-04)

paragraph [0032] - paragraph [0042];
figure 2

EP 1 473 885 A (MOTOROLA INC [US])
3 November 2004 (2004-11-03)
paragraph [0028]

‘paragraph [0033]; figure 5

1,6,11,
16,
21-24,
35-37,
40,43,
46,49,50

1-50

-Form PCT/ISA/210 (continuation ot second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

International application No

Information on pate-nt family mgmbers ‘ PCT/I 82008/002580
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005048960 Al 03-03-2005 NONE
US 2006019723 Al 26—01—2006 NONE
US 2004041538 Al 04—03—2004 AU 2003261372 Al 19-03-2004
CN 1679218 A 05-10-2005
WO 2004021541 Al 11-03-2004
EP 1473885 A 03-11-2004 CN 1781289 A 31-05-2006
' WO 2004098132 Al 11-11-2004
JP 2006524945 T 02-11-2006
US 2006205443 Al 14-09-2006 -

Formm PCT/ISA/210 (patent family annex} {Aprit 2005)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

