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(57) Abstract: A wireless communication terminal includ-

ing a controller coupled to a transceiver wherein the con-

100 troller is contigured to determine a synchronization based

o on a mapping of channel state information to decoder error

102 rate corresponding to a hypothetical control code word, to

attempt to decode a control codeword in a received signal,

and to conclude that an out of synchronization event has

not occurred if the control codeword is decoded success-
fully regardless of an indication of the mapping.
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RADIO LINK SYNCHRONIZATION IN A
WIRELESS COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is related to co-pending U.S.
Application No. 61/112,482 filed on 7 November 2008, the contents of
which are hereby incorporated by reference and from which benefits

are claimed under 35 U.S.C. 119.

FIELD OF THE DISCLOSURE

[0002] The present invention relates to wireless communications
and more particularly to determining synchronization of a radio link in

a wireless communication terminal.

BACKGROUND

[0003] The Third Generation Partnership Project (3GPP) is
developing a Long Term Evolution (LTE) carrier using a physical layer
based on globally applicable evolved universal terrestrial radio access
(E-UTRA). A mobile terminal or station (MS), also referred to as User
equipment (UE), may use a cell-specific reference signal as a metric to
determine if a radio link with the base station is in synchronization or
out of synchronization by determining whether reliable transmission of
a physical downlink control channel (PDCCH) code word with specific

formats can be supported over the link.
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[0004] The various aspects, features and advantages of the
disclosure will become more fully apparent to those having ordinary
skill in the art upon careful consideration of the following Detailed
Description thereof with the accompanying drawings described below.
The drawings may have been simplified for clarity and are not

necessarily drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a communication system.

[0006] FIG. 2 illustrates a possible configuration of a computing

system to act as a base station.

[0007] FIG. 3 illustrates in a UE block diagram.

[0008] FIG. 4 is a flowchart for determining a synchronization
event.

[0009] FIG. 5 is a flowchart for determining whether a radio link is

out of synchronization.

[0010] FIG. 6 is a flowchart for determining whether a radio link is

in synchronization.

[0011] FIG. 7 illustrates a receiver transitioning from DRX mode to

non-DRX mode.
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[0012] FIG. 8 illustrates a receiver transitioning from a first DRX

mode to a second DRX mode.



WO 2010/053793 PCT/US2009/062412

DETAILED DESCRIPTION

[0013] A method, telecommunication apparatus, and electronic
device for detecting a status of a radio link are disclosed. A transceiver
may maintain a radio link with a network base station. A processor
may map channel state information to a synchronization status
associated with the radio link based on the received signal and
determine the synchronization status via a block error rate estimate in

the radio link based on the channel state information.

[0014] FIG. 1 illustrates a communication system 100 including a
network 102, base station 104 and user equipment (UE) 106. Various
communication devices may exchange data or information through the
network 102. The network 102 may be an evolved universal terrestrial
radio access (E-UTRA) or other type of telecommunication network. A
network entity, such as the base station 104, may assign a UE identifier
(UEID) to the UE 106 when the UE 106 first joins the network 102. For
one embodiment, the base station 104 may be a distributed set of
servers in the network. The UE 106 may be one of several types of
handheld or mobile devices, such as, a mobile phone, a laptop, or a
personal digital assistant (PDA). In one embodiment, the UE 106 may
be a WiFi® capable device, a WiMax® capable device, or other wireless

devices.

[0015] FIG. 2 illustrates a possible configuration of a computing
system to act as a base station 104. The base station 104 may include a

controller/processor 210, a memory 220, a database interface 230, a
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transceiver 240, input/output (I/O) device interface 250, and a network
interface 260, connected through bus 270. The base station 104 may
implement any operating system, such as Microsoft Windows®, UNIX,
or LINUX, for example. Client and server software may be written in
any programming language, such as C, C++, Java or Visual Basic, for
example. The server software may run on an application framework,

such as, for example, a Java ® server or .NET ® framework.

[0016] In FIG. 2, the controller/processor 210 may be any
programmable processor. The subject of the disclosure may also be
implemented on a general-purpose or a special purpose computer, a
programmed microprocessor or microcontroller, peripheral integrated
circuit elements, an application-specific integrated circuit or other
integrated circuits, hardware/electronic logic circuits, such as a discrete
element circuit, a programmable logic device, such as a programmable
logic array, field programmable gate-array, or the like. In general, any
device or devices capable of implementing the decision support method
as described herein may be used to implement the decision support

system functions of this invention.

[0017] In FIG. 2, the memory 220 may include volatile and
nonvolatile data storage, including one or more electrical, magnetic or
optical memories such as a random access memory (RAM), cache, hard
drive, or other memory device. The memory may have a cache to speed
access to specific data. The memory 220 may also be connected to a
compact disc - read only memory (CD-ROM), digital video disc - read
only memory (DVD-ROM), DVD read write input, tape drive, or other
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removable memory device that allows media content to be directly

uploaded into the system.

[0018] Data may be stored in the memory or in a separate
database. In FIG. 2, the database interface 230 may be used by the
controller/processor 210 to access the database. The database may
contain any formatting data to connect the UE 106 to the network 102.
The transceiver 240 may create a data connection with the UE. The
transceiver may create a physical downlink control channel (PDCCH)
and a physical uplink control channel (PUCCH) between the base
station 104 and the UE 106.

[0019] The I/O device interface 250 may be connected to one or
more input devices that may include a keyboard, mouse, pen-operated
touch screen or monitor, voice-recognition device, or any other device
that accepts input. The I/O device interface 250 may also be connected
to one or more output devices, such as a monitor, printer, disk drive,
speakers, or any other device provided to output data. The I/O device
interface 250 may receive a data task or connection criteria from a

network administrator.

[0020] The network connection interface 260 may be connected to
a communication device, modem, network interface card, a transceiver,
or any other device capable of transmitting and receiving signals from
the network 106. The network connection interface 260 may be used to
connect a client device to a network. The network connection interface

260 may be used to connect the teleconference device to the network
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connecting the user to other users in the teleconference. The
components of the base station 104 may be connected via an electrical

bus 270, for example, or linked wirelessly.

[0021] Client software and databases may be accessed by the
controller/processor 210 from memory 220, and may include, for
example, database applications, word processing applications, as well
as components that embody the decision support functionality of the
present invention. The base station 104 may implement any operating
system, such as Microsoft Windows®, LINUX, or UNIX, for example.
Client and server software may be written in any programming
language, such as C, C++, Java or Visual Basic, for example. Although
not required, the invention is described, at least in part, in the general
context of computer-executable instructions, such as program modules,
being executed by the electronic device, such as a general purpose
computer. Generally, program modules include routine programs,
objects, components, data structures, etc. that perform particular tasks
or implement particular abstract data types. Moreover, those skilled in
the art will appreciate that other embodiments of the invention may be
practiced in network computing environments with many types of
computer system configurations, including personal computers, hand-
held devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, minicomputers,

mainframe computers, and the like.

[0022] FIG. 3 illustrates in a block diagram one embodiment of a

telecommunication apparatus or electronic device to act as the UE 106.
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The UE 106 may be capable of accessing the information or data stored
in the network 102. For some embodiments of the disclosure, the UE
106 may also support one or more applications for performing various
communications with the network 102. The UE 106 may be a handheld
device, such as, a mobile phone, a laptop, or a personal digital assistant
(PDA). For some embodiments, the UE 106 may be WiFi® capable
device, which may be used to access the network 102 for data or by

voice using VOIP.

[0023] The UE 106 may include a transceiver 302, which is capable
of sending and receiving data over the network 102. The UE 106 may
include a processor 304 that executes stored programs. The UE 106 may
also include a volatile memory 306 and a non-volatile memory 308
which are used by the processor 304. The UE 106 may include a user
input interface 310 that may comprise elements such as a keypad,
display, touch screen, and the like. The UE 106 may also include a user
output device that may comprise a display screen and an audio
interface 312 that may comprise elements such as a microphone,
earphone, and speaker. The UE 106 also may include a component
interface 314 to which additional elements may be attached, for
example, a universal serial bus (USB) interface. Finally, the UE 106 may

include a power supply 316.

[0024] A UE 106 may determine whether a radio link is in
synchronization or out of synchronization with a base station by
assuming the transmission of a control channel type with a specific

format, subcarrier mapping, transmit antenna configuration, and power
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boost. The transmission format may correspond to a particular error
correcting code type (e.g., a convolutional code, block code, turbo-code),
payload size, code rate, block size, modulation type, or other error
correcting code type. The control channel type need not be physically
transmitted in the signal, and no actual decoding followed by cyclical
redundancy check (CRC) may be necessary to detect whether the radio
link is out-of-synchronization/in-synchronization. The UE 106 may
make the detection by using an estimate of the channel state for a
portion of the sub-frame which contains the control channel, such as
propagation channel coefficients, interference variance, among other
channel information. The channel state information may be estimated
from cell-specific reference signals or by other methods. The channel
state may be defined in generic terms as the realization of the
propagation channel between the transmitter and the receiver together
with noise and interfering signals over the time-frequency region of
signal reception. As one example, channel state may refer to the
collection of the per-subcarrier channel coefficients and the per-
subcarrier interference plus noise variance statistics. As another
example, channel state information may refer to the per-subcarrier

signal to interference and noise ratio (SINR).

[0025] The UE 106 may estimate the block error rate (BLER) of a
radio link to determine if the link is usable, in failure, or in recovery.
The SINR of the reference signal computed over the entire time-
frequency resources in the control region may be used as an input to a
channel state function describing channel state information. The

channel state information function may map the sub-band signal-to-
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noise ratio (SNR) and channel quality information (CQI) type metrics.
In one particular implementation, the sub-carrier level SNR is mapped
to block error rate (BLER). The channel state information function may
approximate reference signal SINR computed over those resource
element groups corresponding to the physical downlink control channel
(PDCCH) codeword. The channel state information function may be a
cascaded set of functions. In one embodiment, a first sub-function may
take the received signal as an input to calculate an estimate of the
channel state, such as a channel coefficient estimated per subcarrier and
the interference and noise variance per sub-carrier. A second sub-
function may take the channel state estimate and map that to the BLER

estimate.

[0026] Different UE receiver implementations may have different
PDCCH demodulator or decoder capabilities. The BLER mappings for
a UE 106 may be adjusted to more accurately reflect the actual
implementation. Alternately, a UE 106 may use pre-specified functions
to obtain an “effective SINR” metric and for comparison against
thresholds to identify an out-of-synchronization or in-synchronization
event. Alternatively, a UE 106 may form mean mutual information per
bit (MMIB) estimates or channel capacity estimates instead of BLER to
determine whether the link can support reliable transmissions of

PDCCH.

[0027] Typically, a radio link monitoring mechanism
(implemented in software or hardware or a combination of the two)

includes determining whether an out-of-synchronization event or an in-

10
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synchronization event has occurred by processing the received signal
over an evaluation window. The detected out-of-synchronization or in-
synchronization events can be further processed. For example,
indications corresponding to either event (out-of-synchronization or in-
synchronization) can be filtered over a period of time to declare a link

failure event or a link recovery event.

[0028] Suppose for example, that the transmission includes
PDCCH codewords and the receiver attempts to decode them. If the
receiver is able to determine whether the control codewords were
decoded correctly, then it can make use of this information in addition
to the channel state information to determine an out-of-synchronization
or an in-synchronization event has occurred. If one control codeword
or a plurality of control codewords that were received within an
interval of time were decoded correctly, then the receiver may not
choose to process the out of synchronization indications. Alternately, if
one control codeword or a plurality of control codewords that were
received within an interval of time were decoded correctly, the receiver
may choose to generate and process an in synchronization indication.
On the other hand, if the receiver had the mechanism to determine that
one or more of the control codewords intended for the receiver, were
decoded incorrectly, it may choose not to generate and process in

synchronization indications.
[0029] In one embodiment, the controller is configured to

determine a synchronization based on a mapping of channel state

information to decoder error rate corresponding to a hypothetical

11
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control code word. The controller is also configured to attempt to
decode a control codeword in a received signal and to conclude that an
out of synchronization event has not occurred if the control codeword is
decoded successfully regardless of an indication of the mapping. In
some implementations, the controller is configured to conclude that an
in synchronization event has occurred if the control codeword is
decoded successfully regardless of an indication of the mapping. The
controller may also be configured to conclude that an in
synchronization event has not occurred if at least one control codeword

addressed to the UE was decoded unsuccessfully.

[0030] The indications generated for out of synchronization events
and in synchronization events are respectively processed further. The
indications can be filtered for an evaluation period. A receiver can be
configured to operate either in discontinuous reception (DRX) mode
comprising period on and sleep durations or in non-DRX mode. The
DRX and non-DRX modes can have different evaluation time periods
for the indications. Further, the evaluation time period for the
indications for DRX mode can be dependent on the DRX cycle
periodicity. The receiver transitions from one mode to another. In FIG.
7, for example, a receiver operating in DRX mode transitions to non-
DRX mode. In FIG. 8, a receiver operating in DRX mode with one
periodicity transitions to a DRX mode having another periodicity,

which may be greater or less than that of the first DRX mode.

[0031] Suppose that the receiver mode of operation prior to the

transition has a first filter with a first period of evaluation for the

12



WO 2010/053793 PCT/US2009/062412

indications. And the second receiver mode of operation after the
transition has a second filter with a second period of evaluation for the
indications. There are two options that the receiver has for continuing
the evaluations immediately after the transition. In one embodiment,
the receiver uses a first filter with a first period of evaluation from the
start of the transition up until a time equal to the second period of
evaluation corresponding to the second filter has elapsed. Subsequent
to that, it can start using the second filter with the second period of
evaluation. More particularly, the controller coupled to the transceiver,
is configured to estimate block error rate for a hypothetical control
codeword. The controller is also configured to determine radio link
synchronization when the UE is in a first mode of operation using a first
filter output based on the estimated block error rate and to determine
radio link synchronization when the UE is in a second mode of
operation using a second filter output based on the estimated block
error rate. Upon transitioning from the first mode of operation to the
second mode of operation, the controller is configured to initially use
the first filter output for determining radio link synchronization and
then to use the second filter output for determining radio link

synchronization while operating in the second mode of operation.

[0032] In one embodiment, the first mode of operation is
discontinuous reception mode and the second mode of operation is
non-discontinuous reception mode. In one implementation of this
embodiment, the controller is configured to use the first filter output for
determining radio link synchronization from the start of the transition

to the state of non-discontinuous reception mode until a time equal to a

13
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second evaluation interval of the second filter has elapsed. In other
implementations, the first filter output may be used for other time

periods.

[0033] In another embodiment, the first mode of operation is a
first discontinuous reception mode and the second mode of operation is
a second discontinuous reception mode, a periodicity of the first
discontinuous reception mode is different than a periodicity of the
second discontinuous reception mode. In one implementation of this
embodiment, the controller configured to use the first filter output for
determining radio link synchronization from the start of the transition
to the state of the second discontinuous reception mode until a time
equal to a second evaluation interval of the second filter has elapsed. In
other implementations, the first filter output may be used for other time

periods.

[0034] In another embodiment, the receiver can cease to perform
evaluation or the indicators generated from the start of the transition up
until a time equal to the second period of evaluation corresponding to
the second filter has elapsed. Subsequent to that, it can start using the
second filter with the second period of evaluation. More particularly,
the controller coupled to the transceiver, is configured to a estimate
block error rate for a hypothetical control codeword. The controller is
also configured to determine radio link synchronization when
operating in a first mode of operation using a first filter output based on
the estimated block error rate. Upon transitioning from the first mode

of operation to a second mode of operation, the controller is configured

14
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to not determine radio link synchronization for an initial period and
then to determine radio link synchronization when operating in the
second mode of operation using a second filter output based on the

estimated block error rate.

[0035] In one embodiment, the first mode of operation is
discontinuous reception mode and the second mode of operation is
non-discontinuous reception mode. In one implementation of this
embodiment, the controller is configured to not evaluate radio link
synchronization from the start of transitioning to the second mode of
operation for an initial period corresponding to a time equal to a second
evaluation interval of the second filter. In other implementations, other

initial time periods may be used.

[0036] In another embodiment, the first mode of operation is a
first discontinuous reception mode and the second mode of operation is
a second discontinuous reception mode, a periodicity of the first
discontinuous reception mode is different than a periodicity of the
second discontinuous reception mode. In one implementation of this
embodiment, the controller is configured to not evaluate radio link
synchronization from the start of transitioning to the second mode of
operation for an initial period until a time equal to a second evaluation
interval of the second filter has elapsed. In other implementations,

other initial time periods may be used.

[0037] The channel state information or BLER estimate may be

obtained from each sub-frame sampled from the processing window in

15
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continuous reception mode. For a discontinuous reception mode of
operation, these sub-frames may correspond to the sub-frames, or a
subset thereof, at the paging occasions successively separated by a
discontinuous cycle period. The processing windows may correspond
to multiple discontinuous reception period durations from which the

sub-frames are sampled.

[0038] The UE 106 may use the aggregated per-sub-band channel
state information for the PDCCH codeword to obtain the BLER
estimate. Since the actual time-frequency diversity experienced by the
PDCCH codeword in the propagation channel generates the BLER
estimate, the estimate of BLER may be more accurate. On the other
hand, if the UE 106 uses a single reference signal SINR level, compared
against thresholds, for determination of the synchronization events, the
wideband nature of the PDCCH codeword mapping and the associated
gains due to frequency diversity for higher bandwidths, such as greater
than 1.4 MHz, may not be captured. A synchronization event may be
an event in which the synchronization status of the radio link changes.
This practice may lead to increased false triggers of out-of-
synchronization events when the narrowband reference signal SINR is
low, such as when signal over the measurement bandwidth is in fade,

while the PDCCH codeword would have been decodable.

[0039] FIG. 4 illustrates a method 400 for determining a
synchronization event. At 402, the UE maintains a radio link with a
base station. At 404, the UE may monitor the synchronization status

associated with the radio link. At 406, the UE maps channel state

16
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information to a synchronization status of the radio link based on the
received signal over a specified bandwidth. At 408, the UE determines
the synchronization status via the BLER estimate in the radio link based
on the channel state information. At 410, the UE determines the

synchronization event based upon the BLER.

[0040] The UE 106 may use different formats to determine when
an out-of-synchronization event has occurred versus when an in-
synchronization event has occurred. A first threshold, herein referred
to as a failure threshold, may signify at which point a BLER becomes
high enough to indicate that a radio link has become out of
synchronization. A second threshold, herein referred to as a recovery
threshold, may signify at which point a BLER becomes low enough to
indicate that a radio link has become in synchronization. Both levels
may be determined as a function of bandwidth, such as 1.4, 3, 5, 10, 15,
20 MHz, and transmit antenna configuration, such as 1x2, 2x2 space
frequency block coding (SFBC) or 4x2 SFBC- frequency switching
transmission diversity (FSTD). Alternately, the UE 106 may use just
two levels, one for out-of-synchronization and one for in-
synchronization, common across bandwidths and transmit antenna

configuration.

[0041] An out-of-synchronization event may occur when the SNR
drops or the channel quality deteriorates such that the control or shared
channels become un-decodable. The threshold may be determined by

considering the best coverage available when the maximum error

17
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protection, maximum power boosting and maximum frequency-time

diversity transmission are deployed.

[0042] The UE 106 may use reference signal symbols to obtain a
per-sub-band channel state information for the control region of a sub-
frame. A sub-band may be one control channel element (CCE), resource
element group, or some other aggregation of subcarriers that contain
the mapped symbols of the PDCCH codeword. A PDCCH payload
may have a specific format, such as Format 1A. The format may have a
specific minimum payload size, such as 31 bits for 10 MHz; a specific
maximum aggregation level applicable to the bandwidth, such as an
aggregation level of 8 for 10 MHz bandwidth; and a specific codeword-
to-subcarrier mapping that achieves the maximum time-frequency
diversity. Alternately, the UE 106 may use a typical payload size,
typical aggregation level, and a typical codeword to subcarrier
mapping. The UE 106 may use a maximum power boost relative to the
reference signal, such as +3 dB, or a typical power boost relative to the

reference signal, such as 0 dB.

[0043] The base station 104 need not actually transmit the PDCCH
payload of the assumed type. The UE 106 may calculate the per-sub-
band channel state information for the subcarrier under the assumption
that PDCCH payload of the assumed type was transmitted. The UE 106
may use the per-sub-band channel state information for the entire
PDCCH codeword for the assumed type to obtain a BLER estimate for
the PDCCH codeword. The UE 106 may obtain the BLER estimate for

each of the sub-frames in an out-of-synchronization processing interval,

18
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such as an interval of 200 ms. The UE 106 may average these estimates

over the out-of-synchronization processing duration.

[0044] To generalize this mapping, the UE 106 may define channel
state information that maps all the per-sub-band SINR or CQI-type
metrics from the sub-frames to a single BLER estimate that is compared
against a threshold for determination of the out-of-synchronization
event. The UE 106 may define a criterion for out-of-synchronization
detection as an event in which the average BLER estimate is greater
than a set percentage over the out-of-synchronization processing
duration or the BLER estimate is greater than a set percentage for the

last set number of sub-frames.

[0045] In one example, the UE 106 may form BLER estimates for
five sub-frames separated by 40 ms in a 200 ms processing window for
the purpose of out-of-synchronization evaluation. For a sub-frame for
which the PDCCH BLER is being estimated, the UE 106 may assume
that a PDCCH Format 1A payload of ~42bits (for 10 MHz operation) is
being transmitted in the control region on the first n (0<n<4) orthogonal
frequency division multiplexing (OFDM) symbols in the sub-frame,
starting the first CCE in the common search space at an aggregation
level of 8. The UE 106 may identify the time-frequency resource element
groups on which the codeword gets mapped and calculates the
reference signal SINR for those resource element groups. The reference
signal SINR may be calculated by signal interpolation, by a minimum
mean square error channel and noise estimator, or some other

technique. For 72 resource element groups, the UE 106 may use 72 non-
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negative reference signal SINR terms in BLER estimation. The UE 106
may use the reference signal resources from the same sub-frame for
reference signal SINR estimation for the control resource element
groups, as well as current, past and future sub-frames. The channel
state information that maps all the reference signal-SINR terms to a
BLER value may be determined off-line and pre-stored in the UE 106.
This function may map the 72 reference signal SINR terms to a BLER
estimate value for the Format 1A PDCCH codeword. One example of
channel state information may be a function that takes mean reference
signal SINR and the covariance of a reference signal SINR, capturing
the mean level and the time-frequency variation of the reference signal
SINR, as input arguments and outputs a BLER value. The power boost
value assumed for the Format 1A PDCCH payload may be subsumed
into the channel state information. Alternately, the power boost may be
added to the reference signal SINR terms to reflect the SINR
corresponding to the resource element groups to which the PDCCH
payload is mapped. The BLER estimates from the 5 sub-frames may
then be averaged to compute an average BLER which is compared
against a threshold, such as 10%, to check if the out-of-synchronization

criterion is satisfied.

[0046] Out-of-synchronization determination may create a
processing overhead relative to the case when the out-of-
synchronization event is determined using, for example, the
narrowband reference signal SINR measure. To correct for this, the UE
106 may subdivide the out-of-synchronization processing window of

into two parts. The UE 106 may continuously monitor the narrowband
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reference signal received power (RSRP) averaged over the duration of
the first part. Since the narrowband reference signal SINR measure
somewhat correlates with the wideband CQI-type metric or per-sub-
band SINR for the PDCCH resource elements, a synchronization check
threshold may be used to trigger BLER estimation. For example, if the
narrowband reference signal SINR drops below the synchronization
threshold chosen by the implementation by averaging reference signal
SINR over the first part of the processing window, the second part may
use the synchronization threshold to trigger the search for an out-of-

synchronization event using the BLER mapping approach.

[0047] FIG. 5 illustrates a method 500 for determining whether a
radio link is out of synchronization. At 502, the UE maintains a radio
link with a base station. At 504, if the RSRP is less than a
synchronization check threshold, the UE may map channel state
information for the radio link based on the received signal over a
specified bandwidth (Block 506). At 508, the UE sets the failure range
based upon a payload parameter, such as a control channel type. The
control channel type may be a specific transmission format, sub-carrier
mapping, transmit antenna configuration, power boost, or other
parameters. The transmission format may be an error correcting code
type, payload size, code rate, block size, modulation type, or other
formats. The error correcting code type may be a convolution code,
block code, turbo-code, or other codes. At block 510, the UE estimates a
metric for the radio link based on the channel state information using a
format best suited for determining if the radio link failure is about to

occur, or failure format. The metric may be a block error rate, a mean
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mutual information per bit, average signal to noise ratio, channel
capacity, or other metric. If the metric is within the failure range, at 512,
the UE may designate the radio link as having an out of

synchronization event (Block 514).

[0048] The UE 106 may use a different format for determining an
in-synchronization event, with less overhead. The UE 106 may use
reference signal symbols to obtain a per-sub-band channel state
information for the control region of a sub-frame. A sub-band may be
one control channel element (CCE), resource element group, or some
other aggregation of subcarriers that contain the mapped symbols of the
PDCCH codeword. A PDCCH payload may have a specific format,
such as Format 1A or 1C. The format may have a specific maximum
payload size, such as 31 bits for 10 MHz; a specific minimum
aggregation level applicable to the bandwidth, such as an aggregation
level of 2; and a specific codeword-to-subcarrier mapping that achieves
the minimum time-frequency diversity. Alternately, the UE 106 may
use a typical payload size, typical aggregation level, and a typical
codeword to subcarrier mapping. The UE 106 may use a minimum
power boost relative to the reference signal, such as -6 dB, or a typical

power boost relative to the reference signal, such as 0 dB.

[0049] The base station 104 need not actually transmit the PDCCH
payload of the assumed type. The UE 106 may calculate the per-sub-
band channel state information for the subcarrier under the assumption
that PDCCH payload of the assumed type was transmitted. The UE 106

may use the per-sub-band channel state information for the entire
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PDCCH codeword for the assumed type to obtain a BLER estimate for
the PDCCH codeword. The UE 106 may obtain the BLER estimate for
each of the sub-frames in an in-synchronization processing interval,
such as an interval of 100 ms. The UE 106 may average these estimates

over the in-synchronization processing duration.

[0050] To generalize this mapping, the UE 106 may define channel
state information that maps all the per-sub-band SINR or channel state
information-type metrics from the sub-frames to a single BLER estimate
that is compared against a threshold for determination of the in-
synchronization event. The UE 106 may define a criterion for in-
synchronization detection as an event in which the average BLER
estimate is less than a set percentage over the in-synchronization
processing duration or the BLER estimate is less than a set percentage

for the last set number of sub-frames.

[0051] For in-synchronization evaluation, the UE 106 may use
Format 1C, as the system information block (SIB), paging channel
(PCH) and random access channel (RACH) response messages are
addressed by this PDCCH format. After the UE 106 goes to in-
synchronization state, the UE 106 may attempt cell reselection and send
a RACH message on the uplink. The signal conditions may be such that
the RACH response and the SIB transmissions are decodable by the UE
106. Further, a Format 1C codeword may have lower error protection,
minimum power boost, and subcarrier mapping that achieves

minimum frequency-time diversity resulting in the limiting behavior.
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Alternately, the UE 106 may use any other typical control channel

format aimed at characterizing the typical behavior.

[0052] In one example, the UE 106 may form BLER estimates for
five sub-frames separated by 20 ms in a 100 ms processing window for
the purpose of in-synchronization evaluation. For a sub-frame for
which the PDCCH BLER is being estimated, the UE 106 may assume
that a PDCCH Format 1C payload of ~31 bits (for 10 MHz operation) is
being transmitted in the control region on the first three OFDM symbols
in the sub-frame, starting the first CCE in the common search space at
an aggregation level of 2. The UE 106 may identify the time-frequency
resource element groups on which the codeword gets mapped and
calculate the reference signal SINR for those resource element groups.
The UE 106 may use channel state information to determine the BLER

for that sub-frame.

[0053] FIG. 6 illustrates a method 600 of determining whether a
radio link is in synchronization. At 602, the UE maintains a radio link
with a base station. At 604, the UE maps channel state information
function for the radio link based on the subcarrier over a specified
bandwidth. At 606, the UE sets the recovery range based upon a
payload parameter, such as control channel type. The control channel
type may be a specific transmission format, sub-carrier mapping,
transmit antenna configuration, power boost, or other parameters. The
transmission format may be an error correcting code type, payload size,
code rate, block size, modulation type, or other formats. The error

correcting code type may be a convolution code, block code, turbo-code,
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or other codes. The UE 106 may estimate the metric for the radio link
based on the channel state information using a format best suited for
determining if the radio link recovery is about to occur, or recovery
format (Block 608). The metric may be a block error rate, mean mutual
information per bit, average signal to noise ratio, channel capacity, or
other metric. If the metric is within the recovery range at 610, the UE
designates the radio link as having an in synchronization event (Block

612).

[0054] Embodiments within the scope of the present invention
may also include computer-readable media for carrying or having
computer-executable instructions or data structures stored thereon.
Such computer-readable media can be any available media that can be
accessed by a general purpose or special purpose computer. By way of
example, and not limitation, such computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to carry or store desired program code
means in the form of computer-executable instructions or data
structures. When information is transferred or provided over a
network or another communications connection (either hardwired,
wireless, or combination thereof) to a computer, the computer properly
views the connection as a computer-readable medium. Thus, any such
connection is properly termed a computer-readable medium.
Combinations of the above should also be included within the scope of

the computer-readable media.
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[0055] Embodiments may also be practiced in distributed
computing environments where tasks are performed by local and
remote processing devices that are linked (either by hardwired links,
wireless links, or by a combination thereof) through a communications

network.

[0056] Computer-executable instructions include, for example,
instructions and data which cause a general purpose computer, special
purpose computer, or special purpose processing device to perform a
certain function or group of functions. Computer-executable
instructions also include program modules that are executed by
computers in stand-alone or network environments. Generally,
program modules include routines, programs, objects, components, and
data structures, etc. that perform particular tasks or implement
particular abstract data types. Computer-executable instructions,
associated data structures, and program modules represent examples of
the program code means for executing steps of the methods disclosed
herein. The particular sequence of such executable instructions or
associated data structures represents examples of corresponding acts

for implementing the functions described in such steps.

[0057] While the present disclosure and the best modes thereof
have been described in a manner establishing possession by the
inventors and enabling those of ordinary skill to make and use the
same, it will be understood that there are equivalents to the exemplary
embodiments disclosed herein and that modifications and variations

may be made thereto without departing from the scope and spirit of the
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inventions, which are to be limited not by the exemplary embodiments

but by the appended claims.

[0058] What is Claimed is:
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CLAIMS

1. A wireless communication terminal comprising:

a transceiver;

a controller coupled to the transceiver,

the controller configured to determine a synchronization
based on a mapping of channel state information to decoder error rate
corresponding to a hypothetical control code word,

the controller configured to attempt to decode a control
codeword in a received signal,

the controller configured to conclude that an out of
synchronization event has not occurred if the control codeword is

decoded successfully regardless of an indication of the mapping.

2. The terminal of Claim 1, the controller configured to
conclude that an in synchronization event has occurred if the control

codeword is decoded successfully regardless of an indication of the

mapping.

3. The method of Claim 1, the controller configured to
conclude that an in synchronization event has not occurred if at least
one confrol codeword addressed to the terminal was decoded

unsuccessfully.
4. A wireless communication terminal comprising:

a transceiver;

a controller coupled to the transceiver,
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the controller configured to estimate a block error rate for a
hypothetical control codeword,

the controller configured to determine radio link
synchronization when the terminal is in a first mode of operation using
a first filter output based on the estimated block error rate,

the controller configured to determine radio link
synchronization when the terminal is in a second mode of operation
using a second filter output based on the estimated block error rate.

upon transitioning from the first mode of operation to the
second mode of operation, the controller configured to use the second
filter output for determining radio link synchronization while operating
in the second mode of operation from a time equal to a second
evaluation interval of the second filter has elapsed after the start of the

transition to the second mode.

5. The terminal of Claim 4, the first mode of operation is
discontinuous reception mode and the second mode of operation is

non-discontinuous reception mode.

6. The terminal of Claim 5, the controller configured to use
the first filter output for determining radio link synchronization from a
start of the transition to the non-discontinuous reception mode until a
time equal to a second evaluation interval of the second filter has

elapsed.

7. The terminal of Claim 3, the first mode of operation is a

first discontinuous reception mode and the second mode is a second
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discontinuous reception mode, a periodicity of the first discontinuous
reception mode is different than a periodicity of the second

discontinuous reception mode.

8. The terminal of Claim 7, the controller configured to use
the first filter output for determining radio link synchronization from a
start of the transition to the second discontinuous reception mode until
a time equal to a second evaluation interval of the second filter has

elapsed.

9. The method of Claim 4, the first mode of operation is a
first discontinuous reception mode and the second mode of operation is
a second discontinuous reception mode, a periodicity of the first
discontinuous reception mode is different than a periodicity of the

second discontinuous reception mode.

10. The method of Claim 9, using the first filter output for
determining radio link synchronization from a start of transition to the
second discontinuous reception mode until a time equal to a second

evaluation interval of the second filter has elapsed.

11. A method in a wireless communication terminal, the
method comprising:

estimating a block error rate for a hypothetical control
codeword;

determining radio link synchronization when the terminal

is in a first mode of operation using a first filter output based on the

30



WO 2010/053793 PCT/US2009/062412

estimated block error rate;

determining radio link synchronization when the terminal
is in a second mode of operation using a second filter output based on
the estimated block error rate;

transitioning from the first mode of operation to the second
mode of operation; and

using the second filter output for determining radio link
synchronization while operating in the second mode of operation from
a time equal to a second evaluation interval of the second filter has

elapsed after the start of the transition to the second mode.

12. The method of Claim 11, the first mode of operation is
discontinuous reception mode and the second mode of operation is

non-discontinuous reception mode.

13. The method of Claim 12, using the first filter output for
determining radio link synchronization from a start of transition to the
non-discontinuous reception mode until a time equal to a second

evaluation interval of the second filter has elapsed.
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