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(57) Abréegée/Abstract:

A method and apparatus for non-linear frequency control tracking of a control loop of a voltage controlled oscillator (VCO) In a
wireless mobile device receliver Is provided. A channel metric based on one or more channel quality indicators associated with a
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(57) Abrege(suite)/Abstract(continued):

recelved radio frequency channel Is determined and a state metric associated with the current operating state of the control loop
are determined. One or more state metric threshold value associated with the determined channel metric, providing hysteresis
between operating states, are determined wherein each state metric threshold value Is associated with a transition to a possible
operating state of the control loop. The control loop transitions from the current operating state to the operating state associated
with an exceeded state metric threshold value. Coefficients are provided to an adaptive loop filter of the control loop, wherein the
coefficients coefficient are associated with the transitioned operating state.
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ABSTRACT

A method and apparatus for non-linear frequency control tracking of a control loop
of a voltage controlled oscillator (VCO) in a wireless mobile device receiver is
provided. A channel metric based on one or more channel quality indicators
associated with a received radio frequency channel is determined and a state metric
assoclated with the current operating state of the control loop are determined. One
or more state metric threshold value associated with the determined channel metric,
providing hysteresis between operating states, are determined wherein each state
metric threshold value is associated with a transition to a possible operating state of
the control loop. The control loop transitions from the current operating state to the
operating state associated with an exceeded state metric threshold value.
Coefficients are provided to an adaptive loop filter of the control loop, wherein the
coefficients coefficient are associated with the transitioned operating state.

- 19 —



10

15

20

25

CA 02720175 2010-11-05

HYSTERESIS NONLINEAR STATE MACHINE WITH

OVERLAPPING THRESHOLDS FOR AUTOMATIC FREQUENCY

CONTROL
TECHNICAL FIELD
[0001] The present disclosure relates to frequency tracking in wireless mobile

devices and in particular to improving the performance of tracking in automatic
frequency control of voltage controlled oscillator in the frequency tracking process.

BACKGROUND

[0002] In wireless mobile devices, conventional non-linear control system for
automatic frequency control (AFC) of a voltage-controlled oscillator (VCO) is
required for synchronization with a received radio frequency channel. This requires
frequent switching or correction depending on the operating state of the wireless
device. \Variability in the RF channel quality during different phases such as
Initialization, cell hand-offs or deep channel fades can require frequent switching
back and forth between control states which can lead to instability and phase jitter in
the tracking process. In VCO control system the adjustment of the filter coefficients
in the adaption process has to ensure optimum tracking performance for both
transient and steady state response as well as stability. The inability to provide the
appropriate filter coefficients based upon the current operating state in the wireless
devices results in processing delays and inefficient resource utilization.

[0003] Accordingly, methods and apparatus that enable improved automatic
frequency control remains highly desirable.

SUMMARY

[0004] In accordance with the present disclosure there is provided a method
of non-linear frequency control tracking of a control loop of a voltage controlled
oscillator (VCO) in a wireless mobile device receiver. A channel metric based on
one or more channel quality indicators associated with a received radio frequency
channel is determined. A state metric associated with the current operating state of
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the control loop is determined. One or more state metric threshold values
assoclated with the determined channel metric, the one or more state metric
threshold values selected from a plurality of state metric threshold values each
associated with a transition to a possible operating state of the control loop, from the
current operating state is determined. It is then determined If one of the one or
more state metric threshold values has been exceeded based upon the determined
state metric, wherein the state metric threshold is defined for each transition
between each of operating states. The control loop then transitions from the current
operating state to the operating state associated with the exceeded threshold value.
At least one coefficient is provided to an adaptive loop filter of the control loop, the at
least one coefficient associated with the transitioned operating state. The state
metric thresholds values is associated with the operating states provide overlapping

region between common operating states to provide hysteresis for operating state
transitions.

[0005] In accordance with another aspect of the present disclosure there is
provided an apparatus for providing hysteresis non-linear frequency tracking of a
control loop in a frequency generator of a wireless mobile device having a voltage
controlied oscillator (VCO) and an adaptive loop filter. The apparatus comprising a
memory and a processor. The processor providing coefficients to an adaptive loop
filter from a plurality of coefficients, each of the plurality of coefficients associated
with an operating state of the frequency generator. The operating state is
determined by determining a channel metric based upon one or more channel
quality indicators associated with a received radio frequency channel. A state metric
assoclated with the control loop based on the operating state of the control loop is
determined. One or more state metric threshold values associated with the
determined channel metric from a table stored in the memory, the one or more state
metric threshold values selected from a plurality of state metric thresholds values
each associated with a transition to a possible operating state of the control loop
from the current operating state is determined. If one of the one or more state
metric threshold values is determined to have been exceeded based upon the
determined state metric, wherein the state metric threshold is defined for each

transition between each of operating states. The control loop then transitions from
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current operating state to the operating state associated with the exceeded
threshold value. The state metric thresholds associated with the operating states

provide overlapping region between common operating states to provide hysteresis
for operating state transitions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]} Further features and advantages of the present disclosure will become

apparent from the following detailed description, taken in combination with the
appended drawings, in which:

[0007] FIG. 1 shows a block diagram representation of wireless mobile
device;

[0008] FIG. 2 shows a representation of a hysteresis non-linear frequency
control loop;

[0009] FIG. 3 shows a representation of overlapping thresholds used at state

transitions in a hysteresis two-state machine:

[0010] FIG. 4 shows a hysteresis three-operating state diagram for non-linear
frequency tracking;

[0011] FIG. 5 shows hysteresis four-operating state diagram for non-linear
frequency tracking; and

[0012] FIG. 6 shows a method for hysteresis non-linear frequency tracking.

[0013] It will be noted that throughout the appended drawings, like features
are identified by like reference numerals.

DETAILED DESCRIPTION

[0014] Embodiments are described below, by way of example only, with
reference to Figs. 1-6.
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[0015] The present disclosure provide a system and apparatus for providing
non-linear frequency tracking of a frequency generator in a wireless device using
overlapping thresholds in state transitions to create hysteresis between operating
states. The hysteresis state machine controls the adaptive loop filter coefficients
during the frequency tracking process. The ability to change the adaptive loop filter
coefficients results in fast transient response for reaching the steady state and

narrows the loop bandwidth to minimize the output phase jitter due to noisy
frequency estimates.

[0016] Figure 1 is a block diagram of a wireless mobile device 100
incorporating a communication subsystem having both a receiver 112 and a
transmitter 114, as well as associated components such as one or more embedded
or internal antenna elements 116 and 118, frequency generator 113 which also
includes a control loop for tuning a voltage controlled oscillator (VCO), and a
processing module such as a digital signal processor (DSP) 120. The particular
design of the communication subsystem will be dependent upon the communication

network in which the device is intended to operate in a wireless network such as
GSM, CDMA, HSPA, or 3GPP LTE network.

[0017] The wireless mobile device 100 performs synchronization, registration
or activation procedures by sending and receiving communication signals over the
network 102. Signals received by antenna 116 through communication network 102
are input to receiver 112, which may perform such common receiver functions as
signal amplification, frequency down conversion, filtering, channel selection and the
ke, and in the example system shown in Figure 1, analog to digital (A/D)
conversion. A/D conversion of a received signal allows more complex

communication functions such as demodulation, decoding and synchronization to be
performed in the DSP 120.

[0018] In a similar manner, signals to be transmitted are processed, including
modulation and encoding for example, by DSP 120 and input to transmitter 114 for

digital to analog conversion, frequency up conversion, filtering, amplification and
transmission over the communication network 102 via antenna 118. DSP 120 not
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only processes communication signals, but also provides for VCO AFC control. as
well as receiver and transmitter control.

[0019] Wireless device 100 preferably includes a radio processor 111 and a
control processor 138 which together control the overall operation of the device.
DSP 120 may be located within radio processor 111. Communication functions are
performed through radio processor 111. If the DSP 120 is separate from radio

processor 111, functions of the VCO AFC control may be shared in whole or in part
between the processors.

[0020] Radio processor 111 interacts with receiver 112 and transmitter 114,
and further with the subscriber identity module 164. The radio processor 111 may

also interact with flash memory 162, random access memory (RAM) 160, which may
be external components or integrated within the radio processor 111.

[0021] Control processor 138 interacts with further device subsystems such
as the display 122, flash memory 140, random access memory (RAM) 136, auxiliary
input/output (I/O) subsystems 128, serial port 130, keyboard 132 or a touch
Interface, other communications 142, other device subsystems generally designated
as 144 and transmits and receives audio from a speaker 170 and a microphone 172.

[0022] Some of the subsystems shown in Figure 1 perform communication-
related functions, whereas other subsystems may provide "resident" or on-device
functions. Notably, some subsystems, such as keyboard 132 and display 122, 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.

[0023] Software used by radio processor 111 and microprocessor 138 is
preferably stored in a persistent store such as flash memory 140 and 162, which
may Instead 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 memory such
as RAM 136 and RAM 160.
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[0024] As shown, flash memory 140 can be segregated into different areas
for computer programs 146, device state 148, address book 150, other personal
Information management (PIM) 152 and other functionality generally designated as
154. These different storage types indicate that each program can allocate a portion
of flash memory 140 for their own data storage requirements. Control processor
138, in addition to its operating system functions, preferably enables execution of
software applications on the mobile station.

[0025] For voice communications, overall operation of wireless mobile device
100 is similar, except that received signals would preferably be output to the
speaker 170 or headset and signals for transmission would be generated by the
microphone 172. Alternative voice or audio I/0 subsystems, such as a voice

message recording subsystem, may also be implemented on mobile network 102.

[0026] Serial port 130 in Figure 1 would normally be implemented in a
personal digital assistant (PDA)-type wireless mobile device for which
synchronization with a user's desktop computer (not shown) may be desirable, but is
an optional device component. Such a port 130 would enable a user to set
preferences through an external device or software application and would extend
the capabilities of wireless mobile device 100 by providing for information or
software downloads to wireless mobile device 100 other than through a wireless
communication network. The alternate download path may for example be used to

load an encryption key onto the device through a direct and thus reliable and trusted
connection to thereby enable secure device communication.

[0027] Other device subsystems 144, such as a short-range communications
subsystem, is a further optional component which may provide for communication
between wireless mobile device 100 and different systems or devices, which need
not necessarily be similar devices. For example, the subsystem 144 may include an
infrared device and associated circuits and components or a Bluetooth™
communication module to provide for communication with similarly enabled systems
and devices.
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[0028] The mobile device 100 further includes an Hysteresis Non-Linear

Frequency Tracking (HNFT) Control 202, as described further herein. for controlling
the frequency generator 113.

[0029] Figure 2 provides an overall control loop model with Hysteresis
Nonlinear Frequency Tracking (HNFT) Control as provided in wireless mobile device
100. The frequency generator 113 generates a signal provided to the receiver 112
and transmitter 114. The frequency generator 113 compares the output signal of a
VCO 246, having frequency (Fout), with the incoming signal, having frequency (Fin),
from the received RF channel at a phase detector 240. The output of the phase
detector 240 is provided to a frequency estimator 242 to estimate the frequency
difference between the two signals. The output of the frequency estimator 242 is
noisy and requires filtering by an adaptive loop filter 244. However the bandwidth of
the filter 244 can be adjusted by providing optimum coefficients based upon the
order and type of the filter selected to improve system performance.

0030} The HNFT control 202 module provides the ability to determine the
appropriate coefficients for the adaptive loop filter based upon channel and state
metrics. The control loop can then change from different states of operation based
upon the current operating environment of the wireless device to provide more
accurate VCO 246 control and limit possible instability and phase jitter that can
result from coefficients that are inappropriate for current channel characteristics.
The HNFT control 202 receives channel quality indicators from the DSP 120 such as
but not limited to signal-to-noise ratio of the received channel, bit-error rate of the
received channel, a received signal strength measurements, and carrier-to-
interference-plus-noise ratios (C/I+N) to determine a channel metric. The channel
metric can be determined by generating a weighted function of one or more of the
channel quality indicators, where each of the channel quality indicators is assigned a
different weight to determining the channel metric function. The selection of the
channel quality indicators may be based upon possible output data available from
the DSP terms of channel quality in processing the received signal. In addition the
decision of which parameter to use may be related to the received signal type or RF
characteristics associated with the operation of the wireless device on the network.

-7 —
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10031} A state metric is also determined based upon the received frequency
error but may also include a weighted function of the current channel metric and/or
weightings associated with one or more previous states that the HNFT has
transitioned through. The previous state values may also be weighted based upon a
time value in relation to how long ago the previous state transition occurred.
Knowledge of the previous operating state may be useful when determining the
optimal operating state, and so the filter coefficients, during operational transitions
such as Initialization, hand-offs or fades where the signal characteristics can vary
considerably and benefit from further defining which state may be desirable or
undesirable if as the transition occurs.

[0032] Each operating state is associated with filter coefficients which are
provided to the adaptive loop filter 244 when transitioning to the determined state by

the HNFT control module 202. The HNFT control module 202 utilizes the
determined channel metric to select an associated channel metric table 204 which
may comprise multiple sub-tables 206, 208, 210 each associated with a channel
metric values or a range of channel metric values. Each table provides state metric
threshold values defining transitions between operating states. The threshold
values are used for determining when to transitions from one operating state to the
next state in relation to the determined state metric for a given channel metric or a
range of channel metrics. Each of the operating states have defined filter
coefficients associated with the operating state to change the filtering properties of
the adaptive loop filter 244. The number of coefficients is based upon the order and
operation of the adaptive loop filter. The table defines a different threshold value for
transitioning from a first operating state to a second operating state and a
transitioning from the second operating state to the first operating state.

[0033] Figure 3 is an example of an operating state transition from fast to
slow and slow to fast states in the state machine. In the simplest implementation two
operating state transitions, operating state A 310 and operating state B 320 would
be provided. The operating states may represent a fast tracking state and a slow
tracking state respectively and each have different filter coefficient requirements
assoclated with the operating state. When the control loop is in the fast tracking

-8 —
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state A 310, a lower threshold is determined for when to transition to the slow
tracking state B 320. The threshold is based upon the determined channel and
state metrics. This threshold is not the same as when the control loop is in slow
tracking state B 320 and the channel and state metric varies sufficiently to require a
state change to the fast tracking state A 310. The overlapping between states 302
provides and upper threshold 304 and lower threshold 306 where hysteresis occurs
In the state transitions to ensure that filter coefficients are not loaded prematurely to
reduce instability and phase jitter. As shown in the figure there is an overlapping
region where both states can operate separately to reduce phase |ittering and
switching operating states back and forth.

[0034] Figure 4 & 5 show a three and four operating state diagrams
respectively including an initialization state in accordance with the present
disclosure. The states are not limited to the ones provided and can be expanded to

Include additional states based upon the filter requirements such as the order of the
filter and overall performance requirements.

[0035] Figure 4 shows a hysteresis three operating state diagrams for non-
linear frequency tracking 400. Initialization state 402 provides filter coefficients for
an Iniialization phase 403 to optimize single acquisition. To move from the
Initialization state a threshold (I to A) is defined, there is no hysteresis back to the
initialization state as it is assumed that the initialization state will only occur at start-

up and will not be transitioned back to during normal operation. It should be
understood that an initialization operating state 402 may not be required by the
ANFT control module 202 based upon how the operating states are defined in

relation to the channel and state metric. For each of the operating states,
associated thresholds are defined in the table 204 for each defined channel metric

or channel metric ranges.

[0036] Operating state A 404 having filter coefficients A 405 would have two
state metric threshold states associated with it for a given channel metric:

[0037] moving to state B threshold is (A to B)

[0038] moving to state C threshold is (A to C)

-9 -



10

15

20

25

CA 02720175 2010-11-05

[0039] Operating state B 406 having filter coefficients B 407 would have two
state metric threshold states associated with it for a given channel metric:

[0040] moving to state A threshold is (B to A)
[0041] moving to state C threshold is (B to C)
[0042] Operating state C 408 having filter coefficients C 409 would have two

state metric threshold states associated with it for a given channel metric:

[0043] moving to state A threshold is (C to A)
[0044] moving to state B threshold is (C to B)
[0045] In a three-state machine, the HNFT control provides state metric

thresholds to transition to and from each operating state based upon the associated
determined channel metric.

[0046] Figure 5 shows a hysteresis four operating state diagram for non-linear
frequency tracking 500. Initialization state 502 provides filter coefficients for an
Initialization phase 503 to optimize single acquisition. To move from the initialization
state a threshold (I to A) is defined, there is no hysteresis back to the initialization
state as It is assumed that the initialization state will only occur at start-up and will
not be transitioned back to during normal operation. It should be understood that an
initialization operating state 502 may not be required by the HNFT control module
202 based upon how the operating states are defined in relation to the channel and

state metric . For each of the operating states associated state metric thresholds
are defined in the table 204.

[0047] Operating state A 504 having filter coefficients A 505 would have three

state metric threshold states associated with it for a given channel metric:

[0048] moving to state B threshold is (A to B)
[0049] moving to state C threshold is (A to C)
[0050] moving to state D threshold is (A to D)

- 10 -
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[0051] Operating state B 506 having filter coefficients B 507 would have three
state metric threshold states associated with it for a given channel metric:

[0052] moving to state A threshold is (B to A)
[0053] moving to state C threshold is (B to C)
[0054] moving to state D threshold is (B to D)
[0055] Operating state C 508 having filter coefficients C 509 would have three

state metric threshold states associated with it for a given channel metric:

[0056] moving to state A threshold is (C to A)
[0057] moving to state B threshold is (C to B)
[0058] moving to state D threshold is (C to D)
[0059] Operating state D 510 having filter coefficients C 511 would have three

state metric threshold states associated with it for a given channel metric:

[0060] moving to state A threshold is (D to A)
[0061] moving to state B threshold is (D to B)
[0062] moving to state C threshold is (D to C)
[0063] Figure 6 is a method of non-linear frequency control of a control loop

of a voltage controlled oscillator (VCO) provided by a frequency generator in a
wireless mobile device. The method may be implemented by a processor resident
within the wireless mobile device such as the DSP 120, by a dedicated processor, or
utilizing processing power of radio processor 111 or control processor 138. If the
mobile wireless device is in the initialization phase 600, it loads initialization
coefficients in to the adaptive loop filter as a default filter configuration. When the
defined threshold for the channel metric is exceeded during the initialization state,
the HNFT control 202 transitions to the first operating state. A channel metric
associated with a received radio frequency channel is then determined 602. The

channel metric generated as a weighted function of one or more channel quality
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indicators provided by the DSP 120. A state metric associated with the control loop
Is determined 604 as a weighted function of one or more parameters. The state
metric may include a weighting of the frequency error of the VCO in relation to the
received radio frequency channel, a weighted function of the determined channel
metric, one or more previous state metrics associated with a previous operating
state weighted by time relative to the current operating state. The time parameter
provides a weight component to the previous operating state metric wherein the time

parameter decreases the weighting of the previous operating state metric based on
received radio frequency channel characteristics.

[0064] One or more state metric threshold values is then determined 606
based on the determined channel metric. The one or more state metric threshold
values can be selected based upon the associated operating states transitions. The
state metric threshold values can be provided in a table 204 defining operating state
transitions for each of the states in the control loop. The state metric threshold
defines the state metric value that must be exceeded in order to transition to the
next operating state based upon the channel metric value. The channel metric table
204 can be stored in memory 162 or 160 or may be resident within the DSP. If the
one of the one or more threshold values is exceeded 608, based on the determined
state metric, the control loop transitions to the operating state, YES at 608,
associated with the threshold 610. For a new operating state, at least one
coefficient is loaded 612 to the adaptive loop filter of the control loop. Depending on
the order adaptive filter, the number of coefficients provided may vary for each
operating state. The state metric threshold values are selected to provide a
hysteresis function to transitions between operating states to remove instability and
Improved transient response. The method continues with the channel metric again
being determined at 602. If thresholds are not exceeded, NO at 608, the channel
metric IS again determined at 602 until a transition occurs.

(0065} While a particular embodiment of the present method and apparatus
for Hysteresis Non-Linear Frequency Tracking has been described herein, it will be

appreciated by those skilled in the art that changes and modifications may be made

-19 —
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thereto without departing from the disclosure in its broadest aspects and as set forth
in the following claims.
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- CLAIMS:

1. A method of non-linear frequency control tracking of a control loop of a

voltage controlled oscillator (VCO) (246) in a wireless mobile device (100)
receiver, the method comprising:

determining (602) a channel metric based on one or more channel quality

iIndicators associated with a received radio frequency channel

determining (604) a state metric associated with the current operating state
of the control loop;

determining (606) one or more state metric threshold values associated with
the determined channel metric, the one or more state metric threshold
values selected from a plurality of state metric threshold values each

associated with a transition to a possible operating state of the control
loop, from the current operating state;

determining (608) if one of the one or more state metric threshold values
“has been exceeded based upon the determined state metric, wherein

the state metric threshold values is defined for each transition between
each of operating states;

transitioning (610) from the current operating state to the operating state
associated with the exceeded state metric threshold value; and

providing (612) at least one coefficient to an adaptive loop filter of the
control loop, the at least one coefficient associated with the
transitioned operating state;

wherein the state metric threshold values associated with the operating
states provide overlapping region between common operating states to

provide hysteresis for operating state transitions.

- 14 —
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The method of claim 1 wherein determining if one of the one or more state
metric threshold values associated with the determined channel metric is

performed by a lookup in a table defining state metric threshold values for

each transition between the plurality of operating states.

The method of claim 2 wherein the lookup table comprises one or more sub-
tables each table associated with a channel metric value or a range of
channel metric values, the table defining the plurality of state metric
thresholds for each transition to and from operating states.

The method of any one of claims 1 to 3 wherein the channel metric is based

upon one or more channel quality indicators determined for the received
radio frequency channel.

The method of claim 4 wherein the channel metric is a function of one or
more channel quality indicators selected from a signal-to-noise ratio of the
received channel, bit-error rate of the received channel, a received signal
strength measurements, and carrier-to-interference-plus-noise ratios (C/I+N)

wherein each channel quality indicator has an associated weighting in
determining the channel metric.

The method of any one of claims 1 to 5 wherein the state metric comprises
a function of a frequency error between the frequency of the received radio
frequency channel and an output frequency of the VCO.

The method of claim 6, wherein the state metric is further a function of at
least one of:

a weighted function of the current channel metric; and

one or more previous operating state metrics weighted by a time parameter,

wherein the time parameter decreases the weighting of the previous
operating state metric.

-15 —
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The method of any one of claims 1 to 7 wherein when determining one or
more state metric threshold values is associated with an initialization state,
providing default initialization coefficients defined for the adaptive loop filter
and wherein only one threshold is defined for the channel metric and

wherein the initialization state occurs during mobile wireless device start-up.

An apparatus (202) for providing hysteresis non-linear frequency tracking of
a control loop in a frequency generator (113) of a wireless mobile device
(100) having a voltage controlled oscillator (VCO) (246) and an adaptive
loop filter, the apparatus comprising:

a memory (160, 162) ;

a processor (120, 111) for providing coefficients to an adaptive loop filter
(244) from a plurality of coefficients, each of the plurality of coefficients
associated with an operating state of the frequency generator (113)
wherein the operating state is determined by:

determining (602) a channel metric based upon one or more channel

quality Indicators associated with a received radio frequency
channel:

determining (604) a state metric associated with the control loop based
on the operating state of the control loop;

determining (606) one or more state metric threshold values
associated with the determined channel metric from a table
stored in the memory, the one or more state metric threshold
values selected from a plurality of state metric threshold values
each associated with a transition to a possible operating state of
the control loop from the current operating state;

determining (608) if one of the one or more state metric threshold
values has been exceeded based upon the determined state
metric, wherein the state metric threshold is defined for each
transition between each of operating states; and

- 16 —
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transitioning (610) from the current operating state to the operating
state associated with the exceeded state metric threshold value;

wherein the state metric threshold values associated with the operating
states provide overlapping region between common operating
states to provide hysteresis for operating state transitions.

The apparatus of claim 9 wherein the channel metric is based upon one or

more channel quality indicators determined for the received radio frequency
channel.

The apparatus of claim 10 wherein the channel metric is a function of one or
more channel quality indicators selected from a signal-to-noise ratio of the
received channel, bit-error rate of the received channel, a received signal
strength measurements, and carrier-to-interference-plus-noise ratios (C/I+N)

wherein each channel quality indicator has an associated weighting in
determining the channel metric.

The apparatus of any one of claims 9 to 11 wherein the state metric
comprises a function of a frequency error between the frequency of the

received radio frequency channel and an output frequency of the VCO.

The apparatus of claim 12, wherein the state metric is further a function of at
least one of:

a weighted function of the current channel metric; and

one or more previous operating state metrics weighted by a time parameter,
wherein the time parameter decreases the weighting of the previous

operating state metric.

The apparatus of any one of claims 9 to 13 wherein determining if one of the
one or more state metric threshold values has been exceeded based upon
the channel metric is performed by a lookup in a table defining one or more
state metric threshold values for each of the plurality of operating states.

_17 -



15.

CA 02720175 2010-11-05

The apparatus of claim 14 wherein the lookup table comprises one or more
sub-tables each table associated with a channel metric value or a range of

channel metric values, the table defining the plurality of state metric

threshold values for each transition to and from operating states.
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