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(57) Abrege(suite)/Abstract(continued):

One lllustrative method includes the steps of receiving a notification signal which indicates that the wireless recelver Is to be placed
IN a sleep mode, reading a gain control state value from a gain controller based on recelving the notification signal, storing the gain
control state value iIn memory, providing the stored gain control state value from the memory to the wireless receiver during a warm-
up period of a second wake-up period following the first wake-up period, and providing a gain control state value from the gain

controller to the wireless recelver based on a signal level of a currently recelved signal of the wireless receiver after the warm-up
period.
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ABSTRACT

The settling time of a wireless receiver 1s reduced by providing a previously
utilized gain control state value to a low noise amplifier (LNA) of a receiver front end
during a warm-up portion of a wake-up period of the wireless receiver which follows a
sleep period. One illustrative method includes the steps of receiving a notification signal
which indicates that the wireless receiver is to be placed in a sleep mode, reading a gain
control state value from a gain controller based on receiving the notification signal, storing
the gain control state value in memory, providing the stored gain control state value from
the memory to the wireless recetver during a warm-up period of a second wake-up period
following the first wake-up period, and providing a gain control state value from the gain
controller to the wireless receiver based on a signal level of a currently received signal of

the wireless receiver after the warm-up period.
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METHODS AND APPARATUS FOR CONTROLLING A GAIN STATE OF A
WIRELESS RECEIVER OPERATING IN AN IDLE MODE

BACKGROUND
Field of the Technology

The present application relates generally to mobile stations operating in wireless
communication networks, and more particularly to methods and apparatus for controlling

the gain states of a wireless receiver operating in idle mode.

Description of the Related Art

A wireless communication device, such as a mobile station operating in a wireless
communication network, may provide for both voice telephony and packet data
communications. A mobile station may, for example, be compatible with 3" Generation
(3G) communication standards (such as UMTS), or utilize Global System for Mobile
Communications (GSM), Time Division Multiple Access (TDMA), or Code Division
Multiple Access (CDMA) wireless network technologies.

All of these communication standards utilize radio frequency (RF) signal detection
techmques implemented in a RF receiver. A RF receiver may generally face three
performance limiting factors: internal thermal noise, external in-band noise, and out-of-
band interference. When internal thermal noise is the predominate source of interference
to the desired signal, a low receiver noise figure 1s desired to improve receiver sensitivity.
External in-band interference (including external in-band noise) can also be the major
source of interference; especially when the out-of-band portion of the interference does
not cause significant distortion. In this case, a higher in-band dynamic range of the
receiver 1S desired for good performance. The in-band dynamic range of the receiver is
usually measured by the in-band 3™ order interception point (i.e. “in-band IP3”). Finally,
out-of-band interference may also result in distortions in the in-band spectrum through
receiver non-linearities. In this case, a higher out-of-band dynamic range of the receiver is
desired to 1mprove performance. The out-of-band dynamic range is usually measured by
the out-of-band 3™ order interception point (i.e. “out-of-band [P3™).

The atorementioned higher input dynamic range and lower noise figure may be
contradictory requirements since higher input dynamic range means lower front end gain

while lower noise figure suggests a higher front end gain design. A front end that is
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designed to satisfy both scenarios could be relatively expensive in cost. For a lower cost
solution, some receiver designs include a vaniable front end stage. In particular, a low
noise amplifier (LNA) in the front end may have an adjustable gain G, which is controlled
by a feedback mechanism. In such a configuration, the gain G of the LNA can be adjusted
dynamically in response to the feedback mechanism in order to trade off the noise figure
with the dynamic range of the LNA when necessary.

To achieve the tradeoff, some feedback mechanisms include a level detector and a
front end gain controller. The level detector receives an input signal and provides a signal
level or received signal strength indicator (RSSI), and the front end gain controller
recetves this indicator to generate a control signal for controlling the front end gain.

In some configurations, the above feedback mechanism in a wireless receiver is
used not only for continuous operation mode, but also for idle mode in a mobile station
application. In idle mode, in order to save battery power, the receiver in a mobile station
1s turned off most of the time; it is periodically waken up at given time slots based on a
predetermined schedule, such as every 1.28, 2.56 or 5.12 seconds, to receive message from
base stations. A wake up period is usually very short in time, for example, about 100 ms in
a CDMA2000™ mobile receiver. At the beginning of the wake up period, there is a

warm-up period for settling the receiver to a steady state.

SUMMARY

An 1llustrative method for controlling a gain state of a wireless receiver operating
in an idle mode comprises the steps of reading a gain control state value from a gain
controller during a first wake-up period of the wireless receiver; storing the gain control
state value in memory; providing the stored gain control state value to the wireless
receiver during a warm-up period of a second wake-up period following the first wake-up
period; and after the warm-up period of the second wake-up period, providing a gain
control state value from the gain controller to the wireless receiver based on a signal level

of a currently received signal in the wireless receiver.
An 1llustrative mobile station of the present application comprises a receiver which
receives radio frequency (RF) signals through an antenna, an amplifier of the receiver

which 1s adapted to amplify the RF signals, a level detector which is adapted to detect a

signal level of the RF signals, a gain controller which is adapted to provide a gain control
state value in response to the signal level, and a processor which is adapted to read a gain
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control state value from the gain controller during a first wake-up period of the receiver,
store the gain control state value iIn memory, provide a selection signal for selecting the
stored gain control state value from the memory to the receiver during a warm-up period
of a second wake-up period following the first wake-up period, and provide a gain control
state value from the gain controller to the receiver based on a signal level of a currently

received signal in the receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of present invention will now be described by way of example with
reference to attached figures, wherein:

FIG. 1 1s a block diagram that illustrates pertinent components of a mobile station
and a wireless communication network:

FIG. 2 1s a more detailed diagram of a preferred mobile station of FIG. 1;

FIG. 3 1s a block diagram illustrating in further detail components of the mobile
station of FIG. 1 used for controlling front end gain;

FIG. 4 1s a graph of signals in a frequency domain before applying the known
technique of noise reduction by filtering;

FIG. 5 1s a graph of signals in the frequency domain after applying the known
technique of noise reduction by filtering;

FIG. 6A 1s a graph of sleep and wake-up activities over time in idle mode of a
wireless receiver;

FIG. 6B 1s an enlarged graph of the sleep and wake-up activities over time in the
wireless receiver from FIG. 6A;

FIG. 7 shows an embodiment of apparatus for controlling gain state of the wireless
receiver operating in an idle mode to reduce settling time during a warm-up period of the

recelver;

FI1G. 8A shows a step gain control signal as a function of the received mean power

level after the warm-up period;
FIG. 8B shows a continuous gain control signal as a function of the received mean

power level after the warm-up period; and

FIG. 9 shows a flowchart of a method for controlling the gain state of a wireless

receiver operating in an idle mode.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Generally, the present application provides a method and apparatus for reducing

the settling time of a wireless receiver’s front end gain control loop. This 1s done by
providing a previously-utilized gain control state value to a low noise amplifier (LNA) of
the front end during a warm-up portion of a wake-up period of the receiver which follows
a sleep period. At or near the end of each wake-up period, when a front end gain
controller has been 1n steady state, a gain control state value of the front gain controller is
read and stored in memory. During the next wake-up period, a processor retrieves the
stored gain control state value from the memory and applies it to the LNA of the front end.
Since the stored gain control state value was the previous optimal value at the end of the
previous wake-up period, this value may still be optimal or near optimal for the new wake-
up period. The LNA receives this gain control state value as a “best guessed” initial gain
setting for the new wake-up period and, at such an optimal or near optimal gain condition,
the rest of the circuitry settles relatively quickly. At the end of the warm-up period, when
the front end gain controller reaches steady state, the processor returns control to the front
end gain controller for the rest of the wake-up period to adjust the gain G of the LNA
based on a signal level detected by a level detector from a currently received signal in the
wireless receiver.

On one hand, the warm-up period at the beginning of the idle mode wake-up
period in a radio frequency (RF) receiver and in a feedback mechanism which includes a
level detector and a front end controller of the RF receiver should be sufficiently long (e.g.
20 milliseconds) to ensure that the receiver has enough time to reach an optimal receiving
condition. On the other hand, the warm-up period should be as short as possible to
conserve battery power. The front end gain controller reacts to both the desired input
signal and interference, and settles at an optimal receiving state. Ideally, this optimal state
produces a proper output signal to control the front end gain, resulting in an optimal
tradeoff between dynamic range and noise figure for the current input signal condition.
However, during the warm-up period and before the front end controller settles to its
optimal receiving state, the front end gain controller may generate uncertain and possibly
random states. Thus, the controlled LNA may not be optimized during the warm-up

period. For example, when the LNA requires a high gain for optimal reception at a given

input signal condition, the front end gain controller may erroneously be in a low gain state

during the warm up period, which may cause a higher noise figure and may generate a
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higher thermal noise level. Similarly, when the LNA requires a low gain for optimal
reception at a given condition, the front end gain controller may erroneously be in a high
gain state, resulting in a lower IP3 and consequently higher intermodulation distortion
(IMD).

Therefore, embodiments of a method and apparatus which control the front end
gain state of a wireless receiver during wake-up periods in idle mode so as to minimize the
settling time are provided herein.

FIG. 1 is a block diagram of a communication system 100, that includes a mobile
station 102, which communicates through a wireless communication network 104. Mobile
station 102 preferably includes a visual display 112, a keyboard 114, and perhaps one or
more auxiliary user interfaces (UI) 116, each of which is coupled to a controller 106.
Controller 106 is also coupled to radio frequency (RF) transceiver circuitry 108 and an
antenna 110. Typically, controller 106 1s embodied as a central processing unit (CPU),
which runs operating system software in a memory component (not shown). Controller
106 will normally control overall operation of mobile station 102, whereas signal-
processing operattons associated with communication functions are typically performed in
RF transceiver circuitry 108. Controller 106 interfaces with device display 112 to display
received information, stored information, user inputs, and the like. Keyboard 114, which
may be a telephone type keypad or full alphanumeric keyboard, is normally provided for
entering data for storage in mobile station 102, information for transmission to network
104, a telephone number to place a telephone call, commands to be executed on mobile
station 102, and possibly other or different user inputs.

Mobile station 102 sends communication signals to and receives communication
signals from network 104 over a wireless link via antenna 110. RF transceiver circuitry
108 performs functions similar to those of a radio network (RN) 128, including for
example  modulation/demodulation @ and  possibly  encoding/decoding  and
encryption/decryption. It is also contemplated that RF transceiver circuitry 108 may
perform certain functions in addition to those performed by RN 128. It will be apparent to
those skilled in art that RF transceiver circuitry 108 will be adapted to particular wireless
network or networks in which mobile station 102 is intended to operate.

Mobile station 102 includes a battery interface 122 for receiving one or more
rechargeable batteries 124. Battery 124 provides electrical power to electrical circuitry in

mobile station 102, and battery interface 122 provides for a mechanical and electrical
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connection for battery 124. Battery interface 122 1s coupled to a regulator 126, which
regulates power to the device, providing an output having a regulated voltage V. Mobile
station 102 also operates using a memory module 120, such as a Subscriber Identity
Module (SIM) or a Removable User Identity Module (R-UIM), which is connected to or
inserted 1n mobile station 102 at an interface 118.

Mobile station 102 may consist of a single unit, such as'a data communication
device, a cellular telephone, a multiple-function communication device with data and
voice communication capabilities, a personal digital assistant (PDA) enabled for wireless
communication, or a computer incorporating an internal modem. Altematively, mobile
station 102 may be a multiple-module unit comprising a plurality of separate components,
including but in no way limited to a computer or other device connected to a wireless
modem. In particular, for example, in the mobile station block diagram of FIG. 1, RF
transcetver circuitry 108 and antenna 110 may be implemented as a radio modem unit that
may be inserted into a port on a laptop computer. In this case, the laptop computer would
include display 112, keyboard 114, one or more auxiliary Uls 116, and controller 106
embodied as the computer’s CPU. It 1s also contemplated that a computer or other
equipment not normally capable of wireless communication may be adapted to connect to
and effectively assume control of RF transceiver circuitry 108 and antenna 110 of a single-
unit device such as one of those described above. Such a mobile station 102 may have a
more particular implementation as described later in relation to mobile station 202 of
FIG. 2.

Mobile station 102 communicates in and through wireless communication network
104. In the embodiment of FIG. 1, wireless network 104 is a Third Generation (3G)
supported network based on Code Division Multiple Access (CDMA) technologies. In
particular, wireless network 104 is a cdma2000"™ network which includes fixed network
components coupled as shown in FIG. 1. Cdma2000™ is a trademark of the
Telecommunications Industry Association (TIA). Wireless network 104 of the cdma2000-
type includes a Radio Network (RN) 128, a Mobile Switching Center (MSC) 130, a
Signaling System 7 (SS7) network 140, a Home Location Register/Authentication Center
(HLR/AC) 138, a Packet Data Serving Node (PDSN) 132, an IP network 134, and a
Remote Authentication Dial-In User Service (RADIUS) server 136. SS7 network 140 is

communicatively coupled to a network 142 (such as a Public Switched Telephone
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Network or PSTN), whereas IP network i1s communicatively coupled to a network 144
(such as the Internet).

During operation, mobile station 102 communicates with RN 128, which performs
functions such as call-setup, call processing, and mobility management. RN 128 includes
a plurality of base station transceiver systems that provide wireless network coverage for a
particular coverage area commonly referred to as a “cell”. A given base station
transceiver system of RN 128, such as the one shown in FIG. 1, transmits communication
signals to and receives communication signals from mobile stations within its cell. The
base station transceiver system normally performs such functions as modulation and
possibly encoding and/or encryption of signals to be transmitted to the mobile station in
accordance with particular, usually predetermined, communication protocols and
parameters, under control of its controller. The base station transceiver system similarly
demodulates and possibly decodes and decrypts, if necessary, any communication signals
received from mobile station 102 within 1ts cell. Communication protocols and
parameters may vary between different networks. For example, one network may employ
a different modulation scheme and operate at different frequencies than other networks.
The underlying services may also differ based on its particular protocol revision.

The wireless link shown 1n communication system 100 of FIG. 1 represents one or
more different channels, typically difterent radio frequency (RF) channels, and associated
protocols used between wireless network 104 and mobile station 102. An RF channel is a
limited resource that must be conserved, typically due to limits in overall bandwidth and a
limited battery power of mobile station 102. Those skilled in art will appreciate that a
wireless network in actual practice may include hundreds of cells depending upon desired
overall expanse of network coverage. All pertinent components may be connected by
multiple switches and routers (not shown), controlied by multiple network controllers.

For all mobile station’s 102 registered with a network operator, permanent data
(such as mobile station 102 user’s profile) as well as temporary data (such as mobile
station’s 102 current location) are stored in a HLR/AC 138. In case of a voice call to
mobile station 102, HLR/AC 138 1s queried to determine the current location of mobile
station 102. A Visitor Location Register (VLR) of MSC 130 is responsible for a group of

location areas and stores the data of those mobile stations that are currently in its area of
responsibility. This includes parts of the permanent mobile station data that have been

transmitted from HLR/AC 138 to the VLR for faster access. However, the VLR of MSC
7
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130 may also assign and store local data, such as temporary identifications. HLR/AC 138
also authenticates mobile station 102 on system access.

In order to provide packet data services to mobile station 102 in a cdma2000-based
network, RN 128 communicates with PDSN 132. PDSN 132 provides access to the
Internet 144 (or intranets, Wireless Application Protocol (WAP) servers, etc.) through IP
network 134. PDSN 132 also provides foreign agent (FA) functionality in mobile IP
networks as well as packet transport for virtual private networking. PDSN 132 has a range
of IP addresses and performs IP address management, session maintenance, and optional
caching. RADIUS server 136 1s responsible for performing functions related to
authentication, authorization, and accounting (AAA) of packet data services, and may be
referred to as an AAA server.

Those skilled in the art will appreciate that wireless network 104 may be connected
to other systems, possibly including other networks, not explicitly shown in FIG. 1. A
network will normally be transmitting at very least some sort of paging and system
information on an ongoing basis, even if there is no actual packet data exchanged.
Although the network consists of many parts, these parts all work together to result in
certain behaviours at the wireless link.

FIG. 2 1s a detailed block diagram of a preferred mobile station 202 utilized in the
present application. Mobile station 202 is preferably a two-way communication device
having at least voice and advanced data communication capabilities, including the
capability to communicate with other computer systems. Depending on the functionality
provided by mobile station 202, it may be referred to as a data messaging device, a two-
way pager, a cellular telephone with data messaging capabilities, a wireless Internet
apphiance, or a data communication device (with or without telephony capabilities).
Mobile station 202 may communicate with any one of a plurality of base station
transceiver systems 200 within its geographic coverage area.

Mobile station 202 will normally incorporate a communication subsystem 211,
which includes a receiver 212, a transmitter 214, and associated components, such as one
or more (preferably embedded or internal) antenna elements 216 and 218, local oscillators
(LOs) 213, and a processing module such as a digital signal processor (DSP) 220.

Communication subsystem 211 is analogous to RF transceiver circuitry 108 and antenna

110 shown 1n FIG. 1. As will be apparent to those skilled in field of communications,
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particular design of communication subsystem 211 depends on the communication
network in which mobile station 202 is intended to operate.

Mobile station 202 may send and receive communication signals over the network
after required network registration or activation procedures have been completed. Signals
received by antenna 216 through the network are input to receiver 212, which may
perform such common receiver functions as signal amplification, frequency down
conversion, filtering, channel selection, and, analog-to-digital (A/D) conversion. A/D
conversion of a received signal allows more complex communication functions such as
demodulation and decoding to be performed in DSP 220. In a similar manner, signals to
be transmitted are processed, including modulation and encoding, for example, by DSP
220. These DSP-processed signals are input to transmitter 214 for digital-to-analog (D/A)
conversion, frequency up conversion, filtering, amplification and transmission over
communication network via antenna 218. DSP 220 not only processes communication
signals, but also provides for receiver and transmitter control. For example, the gains
applied to communication signals in receiver 212 and transmitter 214 may be adaptively
controlled through automatic gain control algorithms implemented in DSP 220.

Network access 1s associated with a subscriber or user of mobile station 202, and
therefore mobile station 202 requires a memory module 262, such as a Subscriber Identity
Module or “SIM” card or a Removable User Identity Module (R-UIM), to be inserted in or
connected to an interface 264 of mobile station 202 in order to operate in the network.
Since mobile station 202 is a mobile battery-powered device, it also includes a battery
interface 254 for receiving one or more rechargeable batteries 256. Such a battery 256
provides electrical power to most if not all electrical circuitry in mobile station 202, and
battery interface 254 provides for a mechanical and electrical connection for it. Battery
interface 254 is coupled to a regulator (not shown) which regulates power to all of the
circuitry, providing an output having a regulated voltage V.

Microprocessor 238, which is one implementation of controller 106 of FIG. 1,
controls overall operation of mobile station 202. This control includes network selection
techniques of the present application. Communication functions, including at least data
and voice communications, are performed through communication subsystem 211.
Microprocessor 238 also interacts with additional device subsystems such as a display 222,
a flash memory 224, a random access memory (RAM) 226, auxiliary input/output (I/O)
subsystems 228, a serial port 230, a keyboard 232, a speaker 234, a microphone 236, a

9
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short-range communications subsystem 240, and any other device subsystems generally
designated at 242. Some of the subsystems shown in FIG. 2 perform communication-
related functions, whereas other subsystems may provide “resident” or on-device functions.
Notably, some subsystems, such as keyboard 232 and display 222, for example, may be
used for both communication-related functions, such as entering a text message for
transmission over a communication network, and device-resident functions such as a
calculator or task list. Operating system software used by microprocessor 238 1is
preferably stored in a persistent store such as flash memory 224, which may alternatively
be a read-only memory (ROM) or similar storage element (not shown). Those skilled in
the art will appreciate that the operating system, specific device applications, or parts
thereof, may be temporarily loaded into a volatile store such as RAM 226.

Microprocessor 238, In addition to its operating system functions, preferably
enables execution of software applications on mobile station 202. A predetermined set of
applications, which control basic device operations, including at least data and voice
communication applications, will normally be installed on mobile station 202 during its
manufacture. A preferred application that may be loaded onto mobile station 202 may be
a personal information manager (PIM) application having the ability to organize and
manage data items relating to user such as, but not limited to, e-mail, calendar events,
voice mails, appointments, and task items. Naturally, one or more memory stores are
available on mobile station 202 and SIM 256 to facilitate storage of PIM data items and
other information.

The PIM application preferably has the ability to send and receive data items via
the wireless network. In a preferred embodiment, PIM data items are seamlessly
integrated, synchronized, and updated via the wireless network, with the mobile station
user’s corresponding data items stored and/or associated with a host computer system
thereby creating a mirrored host computer on mobile station 202 with respect to such
items. This 1s especially advantageous where the host computer system is the mobile
station user’s office computer system. Additional applications may also be loaded onto
mobile station 202 through network, an auxiliary I/0 subsystem 228, serial port 230,
short-range communications subsystem 240, or any other suitable subsystem 242, and
installed by a user in RAM 226 or preferably a non-volatile store (not shown) for
execution by microprocessor 238. Such flexibility in application installation increases the

functionality of mobile station 202 and may provide enhanced on-device functions,

10



CA 02537604 2006-02-23

communication-related functions, or both. For example, secure communication
applications may enable electronic commerce functions and other such financial
transactions to be performed using mobile station 202.

In a data communication mode, a received signal such as a text message, an e-mail
message, or web page download will be processed by communication subsystem 211 and
input to microprocessor 238. Microprocessor 238 will preferably further process the
signal for output to display 222 or alternatively to auxiliary 1/0 device 228. A user of
mobile station 202 may also compose data items, such as e-mail messages, for example,
using keyboard 232 in conjunction with display 222 and possibly auxiliary I/O device 228.
Keyboard 232 1s preferably a complete alphanumeric keyboard and/or telephone-type
keypad. These composed items may be transmitted over a communication network
through communication subsystem 211.

For voice communications, the overall operation of mobile station 202 is
substantially similar, except that the received signals would be output to speaker 234 and
signals for transmission would be generated by microphone 236. Alternative voice or
audio [/O subsystems, such as a voice message recording subsystem, may also be
implemented on mobile station 202. Although voice or audio signal output is preferably
accomplished primarily through speaker 234, display 222 may also be used to provide an
indication of the identity of a calling party, period of a voice call, or other voice call
related information, as some examples.

Serial port 230 in FIG. 2 is normally implemented in a personal digital assistant
(PDA)-type communication device for which synchronization with a user’s desktop
computer 1s a desirable, albeit optional, component. Serial port 230 enables a user to set
preferences through an external device or software application and extends the capabilities
of mobile station 202 by providing for information or software downloads to mobile
station 202 other than through a wireless communication network. The alternate
download path may, for example, be used to load an encryption key onto mobile station
202 through a direct and thus reliable and trusted connection to thereby provide secure
device communication.

Short-range communications subsystem 240 of FIG. 2 is an additional optional
component, which provides for communication between mobile station 202 and different
systems or devices, which need not necessarily be similar devices. For example,

subsystem 240 may include an infrared device and associated circuits and components, or
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a Bluetooth'" communication module to provide for communication with similarly
enabled systems and devices. Bluetooth'™ is a registered trademark of Bluetooth SIG, Inc.

FIG. 3 is a block diagram 1illustrating in further detail receiver components of
receiver 212. Receiver components of receiver 212 of FIG. 3 include a front end stage
302, a down converter 304, a filter 306, and an intermediate frequency (IF) and/or
baseband stage 308. Front end stage 302 typically includes a filter 310, a low noise
amplifier (LNA) 312, and a filter 314. Filter 310 of front end stage 302 has an input
coupled to antenna 216 and an output coupled to an input.of LNA 312. LNA 312 has an
output coupled to an input of filter 314, which has an output 322 coupled to an input of
down converter 304. Down converter 304 has an output 324 coupled to an input of filter
306. An output 325 of filter 306 1s coupled to an input of IF/baseband stage 308, which
has an output 326 coupled to DSP 220.

In front end stage 302, filters 310 and 314 are bandpass filters typically using
Surface Acoustic Wave (SAW) filter technology. The function of down converter 304 is
to mix the RF signals received through front end stage 302 with a local oscillator (ILO) in
down converter 304, to thereby produce IF signals (or baseband signals if zero IF
technology i1s utilized). The function of IF/baseband stage 308 1s to convert the IF signals
into baseband signals (unless zero IF technology 1s utilized) and to process and/or filter the
baseband signals. The IF/baseband stage 308 usually also provides automatic gain control
(AGC) functionality, which adjusts the gain of the IF/baseband stage 308 to ensure the
total signal, interference, noise and distortion level seen at signal 326 remains unchanged,
regardless of changes in input signal and interference levels, and how the front end gain
312 changes which will be further discussed hereinafter. Filter 306 may be part of
[F/baseband 308. When IF 1s used, filter 306 is typically a bandpass filter; when zero IF is
used, filter 306 1s typically a low pass filter. When IF is used, it is possible that filter 306
1s implemented in multiple stages; for example, a bandpass filter in the IF stage and a
lowpass filter at the baseband stage. DSP 220 operates to process the baseband signals,
for example, to correlate the baseband signals with a predetermined signal under control of
microprocessor 238.

FIG. 4 1s a graph 400 showing curves in the frequency domain at output 322 and/or
output 324 1n transceiver 212 (although outputs 322 and 324 are associated with different
frequency ranges). In graph 400, a curve 402 depicts the desired received signal, a curve
406 depicts internal noise as well as external interference, curves 408 and 410 depict

12
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strong narrow out-of-band interference, and curves 412 and 414 depict intermodulation
distortion produced in front end stage 302 due to undesirable non-linearity. A curve 404
depicts the shape of a response of filter 306 that follows, which is intended to remove the
out-of-band interference and distortion. FIG. 5 is a graph 500 of curves in the frequency
domain at output 325 and/or output 326 in receiver 212 (although outputs 325 and 326
may be associated with different frequency ranges). Note that curve 406 of FIG. §
depicting the internal noise and external interference after filtering becomes shaped
similarly to filter’s 306 response (i.e. curve 404 of FIG. 4). As illustrated, the out-of-band
contents (by comparing curve 406 of FIG. 4) are greatly reduced. Out-of-band
Interferences and intermodulation distortion (i.e. curves 408 and 410 as well as 412 of
FIG. 4) are also greatly reduced. Intermodulation distortion (i.e. curve 414) may still
exist.

In order to improve processing due to the trade-off in noise figure and dynamic
range requirements, some receiver designs include a variable front end stage. In particular,
referring back to FIG. 3, LNA 312 has an adjustable gain G which is controlled by a
variable gain control signal 320 from a feedback mechanism. In general, the gain G of
LNA 312 is adjusted dynamically in response to the feedback mechanism in order to trade
off the noise figure with the dynamic range of LNA 312 when necessary. LNA 312 has an
inherent limited dynamic range due to its imperfect linearity.

In general, variable gain control signal 320 is produced by a front end gain
controller 332 based on an output of level detector 316 which is input to LNA 312 for
controlling the gain G. Level detector 316 operates to detect an overall level of an input
signal 318 which is the total desired signal plus interference and distortion. Front end gain
controller 332 maps the output 319 of level detector 316 to the variable gain control signal
- 320. During operation, level detector 316 continually monitors the total desired signal plus
interference and distortion. When the signal level is high, for example, the frond end gain
controller causes the variable gain control signal 320 to reduce the adjustable gain G to
LNA 312. The reason is that, in this situation, receiver 212 requires a higher dynamic
range since the noise figure is less important.

Level detector 316 receives input signal 318 from one of a few different sources,
depending on which prior art technique is utilized. One source is from output 322 of front

end stage 302, another source is from output 324 of down converter 304, and yet another
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source is from output 326 where level detector 316 is included in the signal processing of
DSP 220.

FIG. 6A shows sleep and wake-up activities over time during idle mode operation,
where a high value indicates that the receiver is in a wake-up period and a low value
indicates that the receiver is in a sleep period. The receiver may be receiver 212 of FIG. 3,
utilized n the devices of FIGs. 1-2. In idle mode, receiver 212 sleeps and wakes up
repeatedly. Receiver 212 is placed in a sleep mode (i.e. a low power mode such as being
turned off) where it does not receive signals, but does receives signals when it wakes up.
Waveform 610 shows a first wake-up period where receiver 212 wakes up to receive
signals. Waveform 620 shows a second wake-up period following after the first wake-up
period.

FIG.6B shows magnified views of two consecutive wake-up periods 610 and 620
from FIG. 6A during idle mode operation of the receiver. As shown by periods 610 and
620, a time instant Al and a time instant A2 are the start of wake-up period 610 and the
start of wake-up period 620, respectively. At these time instants, receiver 212 is turned on
and begins to “warm-up”. Period Bl and period B2 are warm-up periods, which are the
actual or maximum time periods it takes for the circuitry to settle into steady state. A time
instant E1 and a time instant E2 are the end of warm-up period B1 and the end of warm-up
period B2, respectively. A time instant D1 and a time instant D2 are the end of wake-up
period 610 and the end of wake-up period 620, respectively. A time instant C1 and a time
Iinstant C2 are time points prior to the ends of the wake-up periods, respectively, and most
preferably are the time points immediately before the ends of the wake-up periods. During
the warm-up periods Bl and B2, receiver 212 has not settled into a steady state mode of
operation, and the front end gain state is uncertain and may in fact be random.

FIG. 7 shows an embodiment of the apparatus for controlling a gain state of a
wireless receiver in an idle mode to reduce settling time during warm-up periods
according to the present application. As shown in FIG. 7, receiver 212 is similar to that of
FIG. 3 but includes additional components and techniques. The apparatus as shown
further includes a level detector 710, a front end gain controller 720, a decoder 725, a
multiplexer 730, memory 740, and a timer 750. Level detector 710 and front end gain
controller 720 may be incorporated in DSP 705 or implemented separately if desired.
Similarly, memory 740 and timer 750 may be incorporated in microprocessor 738 or

implemented separately if desired.
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Level detector 710 receives an input signal 326 from receiver 212 to detect a mean
power level of the input signal and produces an input signal mean power level indicator
signal or RSSI 327 to front end gain controller 720. During warm-up periods Bl and B2
of FIG. 6b, front end gain controller 720 has not settled into steady state and an uncertain
or random signal 328 may be produced. Thus, if signal 328 is used to control LNA 312
directly during the warm-up period, LNA 312 may not be adjusted to a proper gain during
this period of time. Instead of using signal 328 during the warm-up period, however, a
multiplexer 730 is selected by microprocessor 738 to provide a better initial value 329
from memory 740 and made available at port B. The generation of this initial value 329
and the control method will be described in further detail in the following paragraph.
Subsequently, during a period from instant E1 to instant D1 or from instant E2 to D2 (FIG.
6B) (wake-up periods), front end gain controller 720 has settled to steady state and
therefore signal 328 can be used to properly control LNA 312 during this time.

Once decoding operation of decoder 725 has finished during a wake-up period,
decoder 725 provides a notification signal to microprocessor 738 which indicates decoding
has finished. Receiver 212 is ready to be placed in a sleep mode of operation where it may
be placed 1n a low power state or powered down. At instant C1 immediately before instant
D1 which marks the end of the first wake-up period 610 (FIG. 6B), microprocessor 738
reads a gain control state value from front end gain controller 720 and stores it into
memory 740. Memory 740 may be implemented as random access memory (RAM), for
example. When receiver 212 is in the next wake-up period 620, during the warm-up
pertod B2 (FIG. 6B), microprocessor 738 sets the state value selection signal 330 to inhibit
the input terminal A of multiplexer 730 and provide the input terminal B of multiplexer
730 at the MUX 730 output, to thereby provide the gain control state value 329 to the gain
control terminal of LNA 312. The same method may be used repeatedly for each and
every wake-up period, except the very first wake-up after the mobile station is powered up
which will be addressed hereinafter. By this method, the gain G of LNA 312 is adjusted to
a statistically-appropriate initial state value during warm-up periods, in accordance with
the gain control state value that was optimal a sho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>