MOBILE DEVICE-INITIATED MEASUREMENT GAP REQUEST

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent application
Serial No. 60/732,691 entitled “MEASUREMENT OCCASIONS FOR INTER-RAT
HANDOVER FROM E-UTRAN” which was filed November 1, 2005, The entirety of

the aforementioned application is herein incorporated by reference.

BACKGROUND
L Field
[0002] The following description relates generally to wireless communications,
and, amongst other things, to flexible communication schemes for wireless

communications systems.

. Background

[0003] In many scenarios, to enable effective exchange of data between user
cquipment (UE) and basc stations (a network) that scrvice the UE, transmission of data
must be precisely scheduled. Conventionally, base stations or other network entities
create a schedule to enable UE to receive, for instance, data over a high-speed data link.
Additionally, as UE is mobile, the base station (or other network entity) includes within
the schedule periods of time that transmission of data will temporarily cease, thereby
enabling the UE to determine if another base station, another frequency, and/or another
technology will provide better network services when compared to services provided by
a base station that is currently servicing the UE.

[0004] In a detailed example, in systems such as the Global System for Mobile
Communications (GSM), the UE transmits and receives at different times and there
exists idle time during which the UE can measure parameters associated with other
frequencies, technologies, and/or base stations to determine if a handover is desirable.
In Code Division Multiple Access (CDMA) and Orthogonal Frequency Division
Multiple Access (OFDMA) systems, however, data is constantly being transmitted
between UE and a base station, such that no guaranteed idle time exists that the UE can

measure performance parameters with respect to other frequencies and/or technologies.
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In. these types of scheduled systems, because downlink data is scheduled dynamicalty
by a network entity, the UE has little advance notice of when packets addressed to it
will arrive. Any data that arrives while the UE is taking measurements with respect to
other frequencies and/or technologies will be lost.

SUMMARY
[6005] The following presents a simplified summary in order to provide a basic
understanding of some aspects of the disclosed subject matter. This summary is not an
extensive overview, and is not intended to identify key/critical elements or to delineate
the scope of such subject matter. Its sole purpose is to present some concepts in a
simplified form as a prelude to the more detailed description that is presented later.
[6006] Briefly described, the disclosed subject matter generally pertains to a
request for a measurement gap that is initiated from a mobile device (e.g., user
equipment). User equipment can determine that quality associated with a downlink
channel has sufficiently degraded such that it is desirable to determine whether other
systems (technologies) or frequencies may provide better service that a system or
frequency curtently associated with the user cquipment. For instance, the user
equipment can determine a quality metric associated with the downlink channel and can
further determine that the quality metric is below a pre-defined threshold. Thereafter,
the user equipment can request a measurement gap from a network currently providing
services to the user equipment, such that the user equipment can stop listening to the
downlink channel and perform measurements with respect to other systems/frequencies
without fear of data loss. In an example, the user equipment can inform a base station
that a measurement gap is desired by setting a particular value within a channel quality
indicator report or within a MAC-e (or other layer-2) header. The network can, upon
receipt of an indication that a measurement gap is desired, schedule a2 measurement gap;
accordingly, data is not scheduled for transmission on the downlink chanmel during the
measurement gap. In an example, the user equipment can refrain from performing
measurements until explicitly authorized by the network (e.g., the network can provide
the user equipment with a schedule that includes a measurement gap).
[0007] In connection with the above, a method in accordance with an aspect
described herein comprises determining that it is desirable to undertake measurements

with respect to one or more of a different frequency and a different technology when
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compared to one or more of a current frequency and technology associated with a
network that is servicing user equipment. The method further comprises indicating to
the network servicing the user equipment the desirability of undertaking the
measurements. Additionally, a communications apparatus can comprise a memory that
includes instructions for indicating to a network that performing one or more of inter~
frequency and inter-radio access technology measurements is desired. The apparatus
can also include a processor that is configured to execute the instructions within the
memory.

{0008] Furthermore, in another aspect, a communications apparatus can
comprise means for determining that a measurement gap is desired and means for
indicating to a network servicing the communications apparatus that the measurement
gap is desired. Additionally, a computer-readable medium can have computer-
executable instructions stored thereon for determining that a measurement gap is desired
and indicating to a base station that the measurement gap is desired. In yet another
aspect, a processor is described herein, wherein the processor can be configured to
execute instructions for indicating to a network that a measurement gap is desired as
wecll as performing mceasurements upon a downlink buffer associated with the processor
being flushed.

[0009] Still further, a method is disclosed herein, wherein the method comprises
receiving a request for a measurement gap from user equipment, and scheduling
downlink data to the user equipment based at least in part upon the received request.
Additionally, a communications apparatus is described herein, wherein the apparatus
comprises 4 memory that retaing instructions for scheduling data to be delivered on a
downlink to user equipment based at least in part upon a request for a measurement gap
provided by the user equipment. The apparatus also comprises a processor that is
configured to execute the instructions. Moreover, a communications apparatus can
comprise means for receiving an indication that a measurement gap is desired from user
equipment and means for scheduling downlink transmissions to the user equipment
based at least in part upon the received indication.

[0010] In still another aspect, a computer-readable medium can have stored
thereon computer-executable instructions for receiving a channel quality indicator report
from user equipment and analyzing the channel quality indicator report. The computer-

executable instructions can further include determining that quality of a downlink
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channel associated with user equipment is below a pre-defined threshold based at least
in part upon the analysis of the channel quality indicator report, and scheduling a
measurement gap for the user equipment. In addition, a processor can be configured to
execute instructions for determining that a request for a measurement gap has been
received from user equipment and scheduling data on a downlink channel to the user
equipment as a function of the request.

[0011] To the accomplishment of the foregoing and related ends, certain
illustrative agpects are described herein in connection with the following description and
the annexed drawings. These aspects are indicative, however, of but a few of the
various ways in which the principles of the disclosed subject matter may be employed
and the claimed matter is intended to include all such aspects and their equivalents.
Other advantages and novel features may become apparent from the following detailed

description when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an example high-level block diagram of a system. that facilitates
request for and provision of a measurcment gap.

[0013] FIG. 2 is an example block diagram of a system that facilitates
optimizing when a measurement gap is scheduled.

[0014] FIG. 3 is an example wireless communications environment.

[0015] FIG. 4 is an example apparatus that facilitates request of & measurement

gap and/or provision of a schedule that includes a measurement gap.

[0016] FIG. 5 is a representative flow diagram illustrating an example
methodology for performing inter-frequency and/or intex-RAT (inter-Radio Access
Technology) measurements based at least in part upon a request for a measurement gap.
[0017] FIG. 6 is a representative flow diagram illustrating an example
methodology for performing inter-frequency and/or inter-RAT measurements based at
least in part upon a request for a measurement gap.

[0018] FIG. 7 is a representative flow diagram illustrating an example
methodology for indicating within a channel quality indicator report that a measurement

gap is desired.
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{0019] FIG. 8 is a representative flow diagram illustrating an example
methodology for transmitting a schedule that includes a measurement gap to user
equipment.
[0020] FIG. 91is a representative flow diagram illustrating an example
methodology for utilizing 2 CQT report to carry a gap request.
[0021] FIG. 10 is an example timing diagram.
10022] FIG. 11 is an example timing diagram_
[0023] FIG. 12 is an example system that facilitates indicating to a wireless

network that a measurement gap is desired.

[0024] FIG. 13 is an example system that facilitates scheduling of transmission
of data on a downlink channel as a function of a request for a measurement gap.
[0025] FIG. 14 is an illustration of an example system that can be utilized in
connection with requesting a measurement gap.

[0026] FIG. 15 is an illustration of an example system that can be utilized in

connection with scheduling a measurement gap.

DETAILED DESCRIPTION
[0027] The claimed subject matter is now described with reference to the
drawings, wherein like reference numerals are used to refer to like elements throughout.
In the following description, for purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of the claimed subject matter. It
may be evident, however, that such subject matter may be practiced without these
specific details. In other instances, well-known structures and devices are shown in
block diagram form in order to facilitate describing the subject invention.
[0028] Furthermore, various embodiments are described herein in connection
with user equipment (UE). UE can also be called a system, a subscriber unit, subscriber
station, mobile station, mobile device, remote station, remote terminal, access terminal,
user terminal, terminal, user agent, or user device. UE can be a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a PDA, a handheld device having wireless connection capability, a
processor within a mobile device, or other processing device connected to a wireless

modem.
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[0029] Moreover, aspects of the disclosed subject matter may be implemented
as a method, apparatus, or article of munufacture using standard programming and/or
engineering techniques to produce software, firmware, hardware, or any combination
thereof to control a computer to implement various aspects of the claimed subject
matter. The term "article of manufacture” as used herein is intended to encompass a
computer program accessible from any computer-readable device, carrier, or media,
For example, computer readable media can include but are not limited to magnetic

storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical disks (e.g.,

o

compact disk (CD), digital versatile disk (DVD)...), smart cards, and flash memory
devices (e.g., card, stick, key drive...). Additionally it should be appreciated that a
carrier wave can be employed to carry computer-readable electronic data such as those
used in transmitting and receiving voice mail or in accessing a network such as a
cellular network. Of course, those skilled in the art will recognize many modifications
may be made to this configuration without departing from the scope or spirit of what is
described herein.

[0030] Turming now to the drawings, Fig. 1 illustraies a syster 100 that
facilitates scheduling measurcment gaps bascd at least in part upon information
provided from user equipment. The system 100 includes user equipment 102 that is
communicatively coupled to a base station 104 in a wireless manner. In other words,
base station 104 is providing voice and/or data services to user equipment 102 over a
\\\\ downlink and receiving communications from user equipment 102 over an uplink. In an
example, base station 104 provides a schedule to user equipment 102 regarding when
downlink transmissions are to occur, and can further schedule “meagurement gaps™ that
enable user equipment 102 to determine quality of a signal associated with another
frequency and/or technology. More particularly, user equipment 102 can be mobile in
nature, such that quality associated with signals received from base station 104 can vary
as user equipment 102 translates to a different geographic region. Conventionally,
scheduling of measurement gaps is performed in a rigid manner, such that every
threshold amount of time base station 104 schedules a measurement gap for user
equipment 102. Such rigid scheduling does not optimize use of resources associated
with base station 104.

[0031] Accordingly, user equipment 102 can include a request generator 106

that creates a request for a measurement gap and provides such request to base station
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104 over the uplink. In an example, such request can be provided over the data link
layer (layer 2 signaling). The request can be in the form of a flag that iy within a
channel quality indicator (CQI) report, a flag or value within the header of a data packet
(such as within a MAC-e header), or any other suitable manner for providing a request
to base station 104. Tn an aspect, the request created by request generator 106 can be an
indication that user equipment 102 is going to perform a measurement, and a scheduler
108 associated with base station 104 can schedule downlink fransmisgions accordingly,
Therefore, a network associated with base station 104 is passive with regards to
scheduling measurement gaps.

[0032] In another aspect, base station 104 can provide an indication of receipt of
the request created by request generator 106 to user equipment 102. For instance,
request generator 106 can create a CQI report and can indicate within the report that
user equipment 102 desires to tune-away from base station 104. User equipment 102
can then transmit the CQI report to base station 104. Base station 104 receives the CQI
report, analyzes contents of the report, and transmits an indication of receipt of the
report to user equipment 102 over the downlink. Upon receiving the acknowledgement
of reccipt from basc station 104, user cquipment 102 can tunc away from the downlink
channel to perform measurements with respect to other frequencies and/or other
technologies. Upon returning to the downlink channel, user equipment 102 can send an
indication of such. to base station 104, and base station 104 can proceed with providing
voice/data to user equipment 102 by way of the downlink channel.

[0033) In yet another aspect, a network associated with base station 104 can
have more control over when user equipment 102 performs measurements with respect
to different technologies and/or different frequencies. For instance, the network can
determine a quality threshold and can communicate such quality threshold to user
equipment 102, wherein such communication can occur by way of a broadcast channel
and/or a dedicated downlink channel (e.g., by way of layer 2 or layer 3 signaling).
When the user equipment determines that quality metric of a downlink signal between
user equipment 102 and base station 104 is below the threshold, request generator 106
can indicate as much to base station 104 (e.g., by transmitting a CQT report to the base
station and indicating therein that the quality metric is below the threshold). Base
station 104 can treat receipt of the CQI report as a request by user equipment 102 to

perform measurements with respect to different frequencies and/or different
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technologies. Scheduler 108 associated with base station 104 can create a schedule
based at least in part upon contents of the CQI report, and base station 104 can provide
the schedule to user equipment 102. Accordingly, user equipment 102 will have
knowledge of when it can stop monitoring the downlink channel between base station
104 and user equipment 102 and perform measurements with respect to other
frequencies/technologies. Thus, the network associated with base station 104 can have
more control over scheduling,

[06034] Scheduler 108 can. take into account various other factors when
generating a schedule for user equipment 102. Pursuant to an example, scheduler 108
can consider how recently (and with how much frequency) user equipment 102 has
requested to perform measurements with respect to one or more different frequencies
and/or technologies. For instance, if user equipment 102 has very recently performed
measurements, then scheduler 108 can cause user equipment 102 to wait a particular
period of time prior to allowing user equipment 102 to stop listening to the downlink
channel to perform measurements relating to other frequencies/technologies. Thus, a
schedule created by scheduler 108 can include a measurement gap that does not occur
immmediatcly. In another cxample, scheduler 108 can consider whether there is a queuc
of data for transmission to user equipment 102, and can schedule a measurement gap
based upon such consideration. Still further, scheduler 108 can consider schedules
agsociated with other user equipment, such that measurement gaps are scheduled for
user equipment in. an attempt to optimize network resources. In addition, when the user
equipment has completed measurements, it can send an indication to the network that
the measurements have been performed and that the user equipment is ready for further
data communication.

[0035] Referring now to Fig. 2, a system 200 that facilitates scheduling of
measurement gaps based. at least in part upon a request for a measurement gap provided
by user equipment is illustrated. The system 200 includes user equipment 102 that is
wirelessly coupled to base station 104. As described above, base station 104 can
include scheduler 108 which provides user equipment 102 with a schedule fora
particular period of time, wherein the schedule indicates when (and for how long) user
equipment 102 can refrain from listening to a downlink channel and can perform
measurements with respect to another base station 202. In an example, user equipment

102 can be transported near a coverage boundary associated with base station 104. User
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equipment 102 can perform an analysis of signal quality and can request a measurement
gap from base station 102. For instance, the request can be within a MAC-e header,
within a CQI report, or any other suitable manner for providing the request from user
equipment 102 to base station 104. Additionally, the request can be in the form of a
flag set within a particular quality report or within a header of a data packet. Moreover,
while user equipment 102 can perform measurements with respect to base station 202
after base station 104 schedules a measurement gap for user equipment 102, it ig
understood that user equipment 102 can request a measurement gap to perform
measurements with respect to different frequencies/technologies provided by base
station 104,

[0036] Base station 104 can also be providing data/voice service(s) to various
other user equipment 204-208, which can include portable telephones, personal digital
assistants, and/or the like. Thus, network resources are allocated amongst several
devices, and each of the devices can request measurement gaps from base station 104.
Scheduler 108 within base station 104 can receive multiple requests for measurement
gaps from user equipment 102 and 204-208, and can optimize scheduling of such
mcasurcment gaps with respect to network resources. In other words, all of the user
equipment 102 and 204-208 will not be provided with measurement gaps at a
substantially similar time.

[0037] Now turning to Fig. 3, an example wireless commumnications system 300
is provided, wherein benefits providing measurement gaps can be perceived. The
system 300 includes a plurality of sectors 302-312, wherein user equipment can employ
wireless services within such sectors 302-312, While the sectors 302-312 are shown as
being hexagonal in nature and of substantially similar size, it is understood that size and
shape of sectors 302-312 can vary depending upon geographical region, number, size,
and shape of physical impediments, such as buildings, and several other factors. Access
points 314-324 are associated with sectors 302-312, wherein access points 314-324 are
utilized to provide services to user equipment within sectors 302-312, Access points
314-324 may transmit data in various frequency bands, such that user equipment 326
cannot necessarily receive data from one access point while measuring the signal
strength from another access point. Each of the access points 314-324 can provide
service to multiple pieces of user equipment. In the system 300, user equipment 326 is

associated with sector 310 and thus can be serviced by access point 322. User
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equipment 326, however, may be portable and can therefore move to disparate sectors
(e.g., out of range for suitable communications from access point 322). It is thus
desirable to allow user equipment to request and receive measurement gaps from an
access point servicing the user equipment.

[0038] In a particular example, user equipment 326 can be serviced by access
point 322 (which is associated with sector 310). As user equipment 326 trangitions
close to a boundary of sector 310, downlink signal quality associated with access point
322 and user equipment 326 can deteriorate. When user equipment 326 determines that
signal quality has gone below a threshold, for instance, user equipment 326 can request
a measurement gap from access point 322. Access point 322 can receive such request
and generate a schedule and provide the schedule to user equipment 326, wherein the
schedule indicates when the measurement gap will occur as well as length of the
measurement gap. During the scheduled measurement gap, user equipment 326 can
stop listening to the downlink channel associated with access poiat 322 and can perform
measurements with respect to, for instance, access point 324. If the quality of signal is
sufficiently high, access point 324 can be considered a candidate for handover. While
the above cxample indicates that user cquipment 326 gencrates a request and awaits
receipt of such request and provision of a schedule from access point 322, it is
understood that various other protocols are contemplated. For instance, rather than
requesting a measurement gap from access point 322, user equipment 326 can provide
an indication to access point 322 that user equipment 326 is going to be obtaining
measurements with respect to another access point {e.g., access point 324). Access
point 322 can then cache data desirably provided to user equipment 326, either to be
transmitted to user equipment 326 after it resurnes receiving data from access point 322,
or for forwarding to another access point for transmittal to user equipment 326 after
handover. Various other protocols are described herein.

[0039] Now referring to Fig. 4, a communications apparatus 400 for
employment within a wireless communications environment is illustrated. The
apparatus 400 can be a base station or a portion thereof or user equipment or a portion
thereof (such as a secure digital (SD) card coupled to a processor). Apparatus 400 can
include a memory 402 that retains various instructions with respect to signal processing,
scheduling communications, requesting measurement gaps, and/or the like. For

instance, if apparatus 400 is user equipment, memory 402 can include instructions for
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analyzing quality of signals on an uplink and/or downlink channel with respect to a
particular base station. Thus, for example, memory 402 can include instructions for
periodically generating CQI reports. Memory 402 can additionally include instructions
for transmitting a request for a measurement gap to a base station servicing user
equipment associated with apparatus 400. For example, memory 402 can include
instructions for setting a flag within a CQI report to indicate that 2 measurement gap is
desired. Moreover, memory 402 can comprise instructions for indicating within a
MAC-e header that a measurement gap is desired by user equipment that comprises the
apparatus 400. Still further, memory 402 can retain instructions for receiving a
schedule, analyzing the schedule, and performing measurements with respect to one or
more base stations as a function of contents of the schedule. Pursuant to an example,
memory 402 can include instructions for performing measurements with respect to a
particular base station within a certain window of time. Further, memory 402 can
comprise instructions for causing user equipment to perform measurements upon
notifying a base station that services apparatus 400 measurements are to be undertaken.
The above example instructions and other suitable instructions can be retained within
memory 402, and a proccssor 404 can be utilized in conncction with cxccuting the
instructions (depending upon, for instance, contents of a schedule, signal quality, efc.).
[0040] Also, as stated above, apparatus 400 can be a base station and/or a
portion thereof. In such case, memory 402 can include instructions for receiving an
indication that user equipment serviced by apparatus 400 is taking measurements with
respect to other technologies and/or frequencies. Memory 402 can additionally include
instructions for halting transmission of voice/data over a downlink channel associated
with the user equipment until the user equipment indicates that it has completed
performing measurements with respect to the other technologies and/or frequencies. In
another example, memory 402 can include instructions for receiving a request for
measurement gaps as well as instructions for generating a schedule based at least in part
upon the request. Memory 402 can further include instructions for transmitting the
schedule to the user equipment that initiated the request, wherein the schedule includes
timing information relating to when the user equipment is to undertake measurements
and length of time the user equipment is to undertake measurements. Still further,
memory 402 can include instructions for contemplating status of other user equipment

serviced by apparatus 400 to optimize network resources, as well as instructions for
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considering one or more CQI reports previously provided by the user equipment.
Processor 404 can be employed to execute instructions retained within memory 402.
While several examples have been provided, it is understood that instructions described
in the form of methodologies (e.g., Figs. 5-9) can be included within memory 402 and
executed by processor 404.

[0041] Referring to Figs. 5-9, methodologies relating to requesting and
providing measurement gaps are illustrated. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a series of acts, it is to be
understood and appreciated that the methodologies are not limited by the order of acts,
as some acts may occur in different orders and/or concurrently with other acts from that
shown and described herein. For example, those skilled in the art will understand and
appreciate that a methodology could alternatively be represented as a series of
interrelated states or events, such as in a state diagram. Moreover, not all illustrated acts
may be utilized to implement a methodology in accordance with one or more
embodiments.

[0042] Referring solely to Fig. 5, a method 500 for performing an inter-
frequency and/or inter-RAT (infer-Radio Access Technology) measurcment is
illustrated. For instance, a portion of user equipment can be configured to perform the
method 500. The method 500 starts at 502, and at 504 a determination is made that
measurements should be taken with respect to éifferent technologies and/or frequencies.
For instance, user equipment can be receiving a downlink data service with dynamically
scheduled transmissions (e.g., High Speed Downlink Packet Access (HSDPA)) from a
base station associated with a particular type of network. For instance, the network can
be an E-UTRAN network, which is a proposal associated with 3GPP with respect to
evolution of third generation Wideband CDMA (WCDMA) to a Long Term Evolution
(LTE) system. The user equipment can periodically measure signal strength, quality
(such as signal to noise ratio), and/or other metrics to determine a quality of a downlink
channel. Ifthe quality of the downlink channel is sufficiently low, then it can be
determined by the user equipment that measurements are to be taken with respect to
other frequencies and/or technologies (such as with respect to a GSM system).

[0043] At 506, an indication is provided to & base station servicing the user
equipment that an inter-frequency or inter-RAT measurement is to be undertaken by the

user equipment. For example, the user equipment can provide the indication within an
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uplink transmission on the physical channel. In a more specific example, the user
equipment can provide the base station with a CQI report that includes a value that is to
be interpreted by the receiving base station to mean that the user equipment is taking
measurements with respect to different technologies and/or frequencies. Alternatively,
the indication can be placed within a MAC-e header, for instance. Upon receipt of such
indication, the base station (or system associated therewith) can silently refrain from
scheduling downlink data for the user equipment during a duration of 2 measurement
gap, wherein such duration can be predefined and/or defined within the indication
provided at 506. As used herein, “measurement gap” refers to an amount of time
available for user equipment to perform measurements without listening to a downlink
channel with assurance that a servicing system will not schedule any downlink data for
the user equipment during such time.

[0044} At 508, inter-frequency and/or inter-RAT measurements can be
performed by the user equipment, wherein time associated with performance of the
measurements can be defined within the indication at 506 and/or can be indefinite (e.g.,
until the user equipment returns to the downlink channel and indicates such return). 1If,
for instance, a basc station that is associatcd with the measurcments is associated with a
sufficiently strong signal, then such base station can be considered a candidate for a
handover. The methodology 500 then completes at 510.

[0045] Now turning to Fig. 6, a methodology 600 for performing inter-
frequency and/or inter-RAT measurements is illustrated. The methodology 600 begins
at 602, and at 604 a determination that a quality of a downlink channel is below a
threshold defined by a network that provides servicesto a particular piece of user
equipment, wherein the downlink channel is utilized to provide the user equipment with
dynamically scheduled transmissions. Since transmissions are dynamic in nature, a
protocol by which the user equipment and setvicing network can utilize to determine
when to schedule measurement gaps such that data packets are not lost (e.g., delivered
to the user equipment while the user equipment is not listening to the downlink
channel). Pursuant to an example, the threshold can be unique with respect to the user
equipment, such that the threshold is provided to the user equipment by way of layer
two or layer three dedicated signaling. In another example, the threshold can be
broadcast throughout a system (e.g., by way of layer three signaling). In either case, the
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network can determine the threshold, thereby providing greater involvement from the
network side when compared to the methodology 500 (Fig. 5).

[0046] At 606, an indication that the quality of the downlink channel is below
the threshold is transmitted to a base station providing services to the user equipment.
The indication can be provided within a CQI report and/or a MAC-e header that is
generated by the user equipment and transmitted to the bage station over an uplink
channel. This indication can signal to the network that data packets should not be
provided to the user equipment for a particular amount of time. At 608, inter-frequency
and/or inter-RAT measurements are performed by the user equipment for a defined
period of time, wherein the time can be pre-defined by the user equiprent or the
network or defined within the indication. The methodology 600 then completes at 610.
[0047] With reference now to Fig. 7, a methodology 700 for performing inter-
frequency and/or inter-RAT measurements is illustrated. The methodology 700 starts at
702, and at 704 a CQIreport is generated. For instance, CQI reports can be generated
periodically to indicate channel conditions as perceived by user equipment to a base
station/network providing services to the user equipment. At 706, an indication is
provided within the CQI report that downlink channel quality is below a threshold,
wherein the threshold can be defined by a network and provided to the user equipment.
For instance, a CQI value within the CQI report can indicate to a network that downlink
channel quality is below a threshold and can further indicate that the user equipment
providing the CQI report desires to perform measurements with respect to other
frequencies and/or systems. In an example, user equipment can be receiving a downlink
data service with dynamically scheduled transmissions (e.g., HSDPA) from an E-
UTRADN, and the user equipment may desirably undertake measurements on
neighboring systems to determine whether to perform an inter-RAT handover,
Typically the user equipment would be near the edge of an E-UTRAN coverage
“island”, where quality of E-UTRAN coverage declines and the user equipment
considers whether to move to a W-CDMA, GSM, or other suitable system.

[0048] At 708, the CQI report is transmitted to a base station that is providing
service to the user equipment. The CQI can be analyzed on the netwotk side to discern
that the user equipment desires to perform measurements with respect to other systems
and/or frequencies. The network can then generate a schedule, wherein the schedule

can include when the user equipment can stop listening to the downlink channel to
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perform measurements and a duration of time that measurements can be performed with
respect to other systems/frequencies. Thus, data will not be scheduled on the downlink
channel during a time that the user equipment is performing measurements with respect
to other frequencies and/or other technologies. At 710, authorization is received at the
user equipment regarding performing measurements with respect to different
frequencies and/or technologies. Such authorization can be in the form of a schedule
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quipment. Ifthe schedule i
period of time from transmittal of the CQI report, such report can be re-transmitted to
the network. The methodology 700 completes at 712.

[0049] Tuming now to Fig. 8, a methodology 800 for providing user equipment
with a schedule, wherein the schedule includes a measurement gap is illustrated. The
methodology 800 starts at 802, and at 804 a request for a measurement gap is received
from user equipment. For instance, the request can be a unique message, placed within
a CQI report, placed within a MAC-e header, or other suitable request. At 806, a
schedule is generated that includes a measurement gap, wherein the schedule includes a
time period that the user equipment can perform measurements with respect to other
systems/frequencics. The schedule cnables a network providing scrvices to the basc
station to not schedule data on a downlink channel during the measurement gap. At
808, the schedule is transmitted to the user equipment, which can then perform
measurements with respect to other systems/frequencies during the measurement gap.
The methodology 800 then completes at 810.

[0050] Now referring to Fig. 9, a methodology 900 for scheduling measurement
gaps is illustrated. The methodology 900 starts at 902, and at 904 a CQI report is
received from user equipment. At 906, the CQI report is analyzed, and at 908 it is
determined that the reported downlink channel quality with respect to user equipment
that transmitted the CQI report is below a threshold. At 910, a measurement gap is
scheduled with respect to the user equipment and transmitted to the user equipment.
The user equipment can thereafter stop listening to the downlink channel to perform
measurements with respect to other systems/frequencies. The methodology 900 then
completes at 912.

[0051] With reference now to Fig. 10, an example timing diagram 1000 is
illustrated. The timing diagram 1000 depicts a time alignment of scheduling and user
data on the downlink and CQI reporting on the uplink when HSDPA is utilized (radio
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propagation time is assumed to be negligible). As described above, however, aspects
described herein are applicable to various technologies and are not limited to HSDPA.
In the example illustrated, time between large hash marks can represent 2 millisecond
Transmission Time Interval (TTT) boundaries and time between small hash marks can
represent slots.

[0052] A first portion 1002 of the example timing diagram 1000 can represent
scheduling information provided by way of a High Speed Shared Control Channel (HS-
SCCH), a second portion 1004 of the timing diagram 1000 can represent user data on a
High Speed Downlink Shared Channel (HS-DSCH), and a third portion 1006 of the
timing diagram 1000 can represent CQI reporting by way of an. Upliuk High Speed
Dedicated Physical Control Channel (UL HS-DPCCH). S; 1008 and D; 1010 indicate
blocks of scheduling information and user data, respectively, related to a shown CQI
report. Accordingly, So 1012 and Dy 1014 are the previous scheduling and data blocks
(e.g., the last blocks that are unaffected by a CQI report 1016). Ty can mark the end of
the CQI report 1016, at which time user equipment that generated the CQI report 1016
has determined that it desires a measurement gap but should wait to allow buffered
downlink data to flush, e.g., be transmitted to the UE.

[0053] If it is assumed that the CQI report 1016 is received successfully and that
the measurements are taken (either unilaterally or with permission within a scheduling
block from a servicing network), then data in D; 1010 (and data thereafter for the
duration of the measurement gap) is not directed to the subject user equipment.
Accordingly, it is desirable to determine when the user equipment need not listen on the
downlink channel. Since scheduling block Sp 1012 was formulated without reference to
the CQI report 1016 that included a request for a measurement gap, the user equipment
should wait long enough to demodulate such information (e.g., until time Ty). If So
1012 indicates that there is data scheduled for the user equipment, then the user
equipment should listen through the comresponding data block Dy 1014 (e.g., until time
T2). Additionally, if the user equipment relies upon the network to give explicit
permission to perform measurements in the scheduling block S, 1008, then the user
equipment should listen through the end of scheduling block S; 1008 until time Ts. The
flushing delays in this example can range from 5.5 slots (Ty — To) to 8.5 slots (T3 ~ To).
[0054] Now turning to Fig, 11, an example graph 1100 depicting provision of a

measurement gap is illustrated. If user equipment generates a request for a
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measurement gap (e.g., sends a CQI report with an indication that a measurement gap is
required to & base station) and a network (e.g., an E~-UTRAN) does not receive the
indication, downlink data may be scheduled for the user equipment during a presumed
gap. To minimize such risk, the user equipment might transmit several consecutive
requests for a measurement gap to increase the likelihood that a servicing network will
receive at least one of the requests. The network, however, should interpret the multiple
requests as a single request (rather than granting multiple consecntive meagurement
gaps). This can be achieved by having the network automatically interpret consecutive
gap requests as copies of one another, by establishing a “gap prohibit” time in the
network, or any other suitable manner.

[0055] If a gap prohibit timer is utilized, the timer is started when the first gap
request from the user equipment is received and, until the timer expires, no further
occasions will be granted to the same user equipment. The timer can be designed to
utilize a time that is long enough in duration to cover repetitions sent by the user
equipment but short enough in duration to prevent “starving” user equipment that may
actually need several measurement occasions over a relatively brief period of time. If
the timer is sct such that the time is substantially similar to the gap length, the timoer
dictates that the network should not grant a gap request on a request received during a
scheduled gap.

[0056] If multiple gap requests are transmitted from the user equipmentto a
base station, then a guard time can be added to length of the gap. For instance, the
network can assume that a gap request received by the network was the first repetition
and that the user equipment transmitted a complete set of repetitions prior to initiating
its actual measurement gap. Thus, if each gap request is repeated » times, the gap
length can be extended by » -1 times the interval between consecutive gap requests
beyond what is actually need;ad for the user equipment to perform measurements. Fig.
11 illustrates this situation (for » = 4). If the network missed the first gap request and
therefore initiated a portion of the process later than expected, the effect is only that the
gap is slightly longer than necessary.

[0057] Tn an alternative example, if user equipment has an uplink data service
(such as advanced uplink (EUL)), and the uplink and downlink serving cells belong to a
substantially similar Node B, the user equipment can transmit a gap requesting using
layer 2 signaling on the uplink (e.g., a MAC-e header) rather than using layer 3
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signaling (such as a CQI report). Where explicit permission from the network is desired
before the user equipment beging taking measurements, the permission can be delivered
in the corresponding layer 2 acknowledgment. The layer 2 acknowledgment allows the
user equipment to know when its gap request has been received by the network. If layer
2 signaling is utilized, then delay for flushing of a downlink buffer can be extended
accordingly. In yet another example, reliability of a gap request transmission can be
improved by increasing power for the gap request on the uplink.

[0058] Now referring to Fig. 12, a system 1200 that can be utilized in
connection with indicating that a measurement gap is desired is illustrated. For
example, the system 1200 can reside at least partially within user equipment. Itis to be
appreciated that system 1200 is represented as including functional blocks, wherein
such blocks can represent functions implemented by a processor, software, or
combination thereof (e.g., firmware). System 1200 includes a logical grouping 1202 of
electrical components that can act in conjunction to indicate that a measurement gap is
desired. For instance, the grouping 1202 can include an electrical component 1204 for
determining that a measurement gap is desired. In other words, a component within
uscr cquipment can determine that the nser cquipment should perform measurements
with respect to a different technology and/or a different frequency than what is
associated with a network that is currently servicing the user equipment.

[0059] Grouping 1202 can additionally include an electrical component 1206 for
indicating to the network servicing the user equipment that the measurement gap is
desired. For example, the component 1206 can be associated with instructions for
transmitting the indication to a base station associated with the servicing network.
Additionally, system 1200 can include a memory 1208 that retains instructions for
executing functions associated with the electrical components 1204 and 1206, While
shown as being external fo memory 1208, # is to be understood that the electrical
components 1204 and 1206 can exist within memory 1208.

[0060] Turning now to Fig. 13, a system 1300 that facilitates scheduling data to
be delivered on a downlink to user equipment upon receipt of a request for a
measurement gap is illustrated. System 1300 can reside within a network-side device,
such as within a base station. System 1300 includes a logical grouping 1302 of
electrical components that facilitate scheduling data. Grouping 1302 includes an

electrical component 1304 for receiving an indication that a measurement gap is desired
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from user equipment. In an example, the indication can be within a CQI report, within a
MAC-e header, efc. Grouping 1302 additionally includes an electrical component 1306
for scheduling downlink transmissions to the user equipment based at least in part upon
the received notification. For instance, a measurement gap can be scheduled such that
data is not transmitted over the downlink to the user equipment for a particular period of
time (thereby allowing the user equipment to perform measurements with respect to
different frequencies and/or technologies). Additionally, system 1300 can inch
memory 1308 that retains instructions for executing functions associated with the
electrical components 1304 and 1306. While shown as being external to memory 1308,
it is to be understood that the electrical components 1304 and 1306 can exist within
memory 1308.

[00061] Fig. 14 illustrates a system 1400 that can be utilized in connection with
requesting a measurement gap. System 1400 comprises a receiver 1402 that receives a
signal from, for instance, one or more receive antennas, and performs typical actions
thereon (e.g., filters, amplifies, downconverts, ...) the received signal and digitizes the
conditioned signal to obtain samples. A demodulator 1404 can demodulate and provide
reecived pilot symbols to a processor 1406 for channcl cstimation.

[0062] Processor 1406 can be a processor dedicated to analyzing information
received by receiver component 1402 and/or generating information for transmission by
a transmitter 1414. Processor 1406 can be a processor that controls one or more
portions of system 1400, and/or a processor that analyzes information received by
receiver 1402, generates information for transmission by a transmitter 1414, and
controls one or more portions of system 1400. System 1400 can include un
optimization component 1408 that can optimize performance of user equipment before,
during, and/or after performance of measurements with respect to one or more
technologies and/or frequencies. Optimization component 1408 may be incorporated
into the processor 1406. It is to be appreciated that optimization component 1408 can
include optimization code that performs utility based analysis in connection with
requesting measurement gaps. The optimization code can utilize artificial intelligence
based methods in connection with performing inference and/or probabilistic
determinations and/or statistical-based determination in connection with requesting

measurement gaps and/or performing measurements.
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[0063] System (user equipment) 1400 can additionally comprise memory 1410
that is operatively coupled to processor 1406 and that stores information such as
measurement gap information, scheduling information, and the like, wherein such
information can be employed in connection with allocating requesting measurement
gaps and performing measurements during a measurement gap. Memory 1410 can
additionally store protocols associated with generating lookup tables, efe., such that
system 1400 can employ stored protocols and/or algorithms to increage gystem capacity.
It will be appreciated that the data store (e.g., memories) components described herein
can be either volatile memory or nonvolatile memory, or can include both volatile and
nonvolatile memory. By way of illustration, and not limitation, nonvolatile memory can
include read only memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash
memory. Volatile memory can include random access memory (RAM), which acts as
external cache memory. By way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and dircct Rambus RAM
(DRRAM). The memory 1410 is intended to comprise, without being limited to, these
and any other suitable types of memory. Processor 1406 is connected to a symbol
modulator 1412 and transmitter 1414 that transmits the modulated signal,

[0064] Fig. 15 illustrates a system that may be utilized in connection with
receiving a measurement gap request and scheduling a measurement gap with respect to
user equipment. System 1500 comprises a base station 1502 with a receiver 1510 that
receives signal(s) from one or more user devices 1504 by way of one or more receive
antennas 1506, and transmits to the one or more user devices 1504 through a plurality of
transmit antennas 1508. In one example, receive antennas 1506 and transmit antennas
1508 can be implemented using a single set of antennas. Receiver 1510 can receive
information from receive antennas 1506 and is operatively associated with a
demodulator 1512 that demodulates received information. Receiver 1510 can be, for
example, a Rake receiver (e.g., a technique that individually processes multi-path signal
components using a plurality of baseband correlators, ...), an MMSE-based receiver, or
some other suitable receiver for separating out user devices assigned thereto, as will be

appreciated by one skilled in the art, For instance, multiple receivers can be employed
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(e.g., one per receive antenna), and such receivers can communicate with each other to
provide improved estimates of user dats. Demodulated symbols are analyzed by a
processor 1514 that is similar to the processor described above with regard to Fig, 14,
and is coupled to a memory 1516 that stores information related to user device
assignments, lookup tables related thereto and the like. Receiver output for each
antenna can be jointly processed by receiver 1510 and/or processor 1514, A modulator
1518 can multiplex the signal for transmission by a transmitter 1520 through transmit
antennas 1508 to user devices 1504.

[0065] 1t is to be understood that the embodiments described herein may be
implemented by hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units within an
user equipment or a network device may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programamable logic devices (PLDs), field
programmable gate arrays (FPGAS), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
herein, or a combination thercof.

[0066] When the systems and/or methods described herein are implemented in
software, firmware, middleware or microcode, program code or code segments, they
may be stored in a machine-readable medium, such as a storage component. A code
segment may represent a procedure, a function, a subprogram, a program, a routine, a
subroutine, a module, a software package, a class, or any combination of instructions,
data structures, or program statements. A code segment may be coupled to another code
segment or a hardware circuit by passing and/or receiving information, data, arguments,
parameters, or memory contents. Information, arguments, parameters, data, efc. may be
passed, forwarded, or transmitted using any suitable means including memory sharing,
message passing, token passing, network transmission, efc.

[0067] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. A memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the

processor through various means.
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[0068] What has been described above includes examples of the disclosed
subject matter. It iy, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing such subject matter, but one
of ordinary skill in the art may recognize that many further combinations and
permutations are possible. Accordingly, the subject matter is intended to embrace alj
such alterations, modifications, and variations that fall within the spirit and scope of the
is used in either
the detailed description or the claims, such term is intended to be inclusive in a manner
similar to the term “comprising” as “comprising” is interpreted when employed as a

transitional word in a claim.,
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CLAIMS

1. A method for determining signal quality in a communi-
cation network, comprising:

measuring, on a wireless communication device, a signal

quality on a first network downlink channel;
comparing the signal quality of the first network downlink
channel with a threshold quality value;

determining, based upon the comparing, whether to tune to

a second network channel to obtain signal characteris-
tics of the second network channel, wherein the second
network channel corresponds to at least one of a differ-
ent frequency and a different radio-access technology
than the first network downlink channel;

requesting a measurement gap from a network base station,

wherein the network base station is in communication
with the wireless communication device via the first
network downlink channel;

measuring a signal quality of the second network channel

during the measurement gap; and

determining whether to switch communications to the

communication network via the second network chan-
nel.

2. The method of claim 1, wherein requesting a measure-
ment gap comprises transmitting a channel quality indicator
(CQI) report.

3. The method of claim 1, further comprising relaying
multiple indications of a desirability of undertaking the mea-
surements to the network.

4. The method of claim 1, further comprising transmitting
the request for the measurement gap to the communication
network by way of layer 3 signaling.

5. The method of claim 1, further comprising transmitting
the request for the measurement gap to the communication
network by way of layer 2 signaling.

6. The method of claim 1, further comprising performing
the measurements upon requesting the measurement gap
without awaiting receipt of an acknowledgment from the
communication network.



24

7. The method of claim 1, further comprising:

recetving an acknowledgment that the communication net-
work has received the request for the measurement gap;
and

performing the measurements upon receipt of the acknowl-

edgment.

8. The method of claim 1, further comprising indicating to
the communication network that the user equipment has per-
formed the measurements and is ready for additional data
communication.

9. The method of claim 1, further comprising

receiving a schedule from the network base station, the

schedule indicating a duration of time within which the
second channel signal quality measurements can be
undertaken; and

performing the measurements in accordance with the

schedule.

10. The method of claim 1, wherein requesting the mea-
surement gap comprises transmitting an indication within a
MAC-e header.

11. The method of claim 1, further comprising:

determining that it is desirable to undertake the measure-

ments based at least in part upon the determination that
the signal quality of the downlink channel is below the
threshold.

12. User equipment configured to perform the method of
claim 1.

13. The method of claim 1, wherein the threshold quality
value relates to signal quality of a downlink channel.

14. A communications apparatus, comprising:

a memory that comprises instructions for indicating to a

network that performing measurements on a second net-
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work channel i1s desired, wherein the second network
channel corresponds to at least one of a different fre-
quency and a different radio-access technology than a
first network downlink channel;

a processor that is configured to execute the instructions
within the memory,

a quality metric component that measures a signal quality
of the first network downlink channel, compares the
signal quality metric with a threshold signal quality met-
ric value, and in the event that the signal quality metric is
below the threshold, generates a request for a measure-
ment gap, where the measurement gap has a duration of
at least one or more frame time-slots, and measures a
signal quality of the second network channel during the
measurement gap; and

a transceiver component to forward the measurement gap
request to a network base station, wherein the network
base station is in communication with the wireless com-
munication device via the first network downlink chan-
nel.

15. The communications apparatus of claim 14, the
memory further comprises instructions for comparing the
determined quality metric with a pre-defined threshold
defined by a network that is providing services to the com-
munications apparatus.

16. The communications apparatus of claim 14, the
memory further comprises instructions for performing the
measurements without transmittal of the request to the net-
work.

17. The communications apparatus of claim 14, the
memory further comprises instructions for packaging the
request within a channel quality indicator report.

18. The communications apparatus of claim 14, the
memory further comprises instructions for packaging the
request within a MAC-e header.
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19. The communications apparatus of claim 14 being a
mobile telephone.

20. The communications apparatus of claim 14, the
memory further comprises instructions for indicating to a
network that measurements have been performed and that the
communications apparatus is ready for additional data com-
munication.

21. A communications apparatus, comprising;

means for measuring a signal quality of a first network

downlink channel;

means for determining that the measured signal quality is

below a threshold value;

means for determining that a measurement gap is desired,

wherein a duration of the measurement gap comprises
one or more frame time-slots;

means for indicating to a network base station that the

measurement gap is desired, wherein the network base
station is in communication with the wireless commu-
nication device via the first network downlink channel;
and

means for measuring a signal quality of a second network

channel during the measurement gap, wherein the sec-
ond network channel corresponds to at least one of a
different frequency and a different radio-access technol-
ogy than the first network downlink channel.

22. A computer readable non-transitory storage medium,
having stored thereon, computer executable instructions for
determining signal quality in a communication network
according to a method comprising;

measuring, on a wireless communication device, a signal

quality on a first network downlink channel,
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comparing the signal quality of the first network downlink
channel with a threshold quality value;

determining, based upon the quality comparison, whether
to tune to a second network channel to obtain signal
characteristics of that channel, wherein the second net-
work channel corresponds to at least one of a different
frequency and a different radio-access technology than
the first network downlink channel;

requesting a measurement gap from a network base station
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with the wireless communication device via the first
network downlink channel;

measuring a signal quality of the second network channel
during the measurement gap; and

determining whether to switch communications to the net-
work via the second network channel.



