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Description
BACKGROUND
|. Field

[0001] The following relates generally to wireless communication, and more specifically to preamble design of a
wireless signal facilitating reduced interference for semi-planned or unplanned wireless access networks.

II. Background

[0002] WO 2007/066975 discloses an extended paging indicator-based adaptive discontinuous reception method is
proposed so as to improve a power saving performance of a terminal in an asynchronous wideband code division multiple
access schemes.

[0003] Wireless communication systems are widely deployed to provide various types of communication content such
as, e.g., voice content, data content, and so on. Typical wireless communication systems can be multiple-access systems
capable of supporting communication with multiple users by sharing available system resources (e.g., bandwidth, transmit
power). Examples of such multiple-access systems can include code division multiple access (CDMA) systems, time
division multiple access (TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal frequency
division multiple access (OFDMA) systems, and the like.

[0004] Generally, wireless multiple-access communication systems can simultaneously support communication for
multiple mobile devices. Each mobile device can communicate with one or more base stations via transmissions on
forward and reverse links. The forward link (or downlink) refers to the communication link from base stations to mobile
devices, and the reverse link (or uplink) refers to the communication link from mobile devices to base stations. Further,
communications between mobile devices and base stations can be established via single-input single- output (SISO)
systems, multiple-input single-output (MISO) systems, multiple-input multiple-output (MIMO) systems, and so forth.
[0005] One function of mobile network technology that facilitates convenient device mobility is the idle/active mode of
mobile devices. When active, the mobile device can process incoming signals, transmit reply signals and facilitate remote
voice and/or data communication with other devices. Such activity can consume a significant amount of power, however,
reducing battery life of the mobile device. Fortunately, a typical user only engages in active device communication
periodically. Thus, significant power can be preserved by not processing received wireless signals during period of non-
use. Periods of limited or no processing are termed idle periods.

[0006] In order to receive inbound communication, the mobile device (e.g., when another user calls the mobile device)
is required to process signals indicating that such a communication is pending for the mobile device. While idle, however,
the device is processing few or no signals and thus will miss the communication if it does not activate long enough to
process those signals. To facilitate active/idle mobility, a base station serving the mobile device coordinates periods of
time where the mobile device activates to process incoming signals. These periods of time can be brief and relatively
infrequent to reduce average mobile device processing and power consumption in idle mode. When an inbound com-
munication for the mobile device is received at the base station, a paging signal is scheduled and transmitted on one
or more of the coordinated periods of time that the mobile device monitors (e.g., activates and processes signals). By
coordinating intermittent periods of active signal processing, the mobile device can identify and receive inbound com-
munications while preserving significant processing power and battery life. Such an arrangement provides significant
utility for the average mobile device user, increasing device mobility and overall convenience of mobile communications.

SUMMARY

[0007] Thesubject-matterofthe presentinventionisdefined by the appended claims. The following presents a simplified
summary of one or more aspects in order to provide a basic understanding of such aspects. This summary is not an
extensive overview of all contemplated aspects, and is intended to neither identify key or critical elements of all aspects
nor delineate the scope of any or all aspects. Its sole purpose is to present some concepts of one or more aspects in a
simplified form as a prelude to the more detailed description that is presented later.

[0008] The subject disclosure provides for establishing paging controls for mobile devices coupled with an orthogonal
frequency division multiple access (OFDMA) wireless access network (AN). Establishing paging controls can comprise
segmenting a wireless signal into a number of time frames determined from an integer raised to a constant power (e.g.,
27K, where K is a constant). In addition, paging occasions can be scheduled to a portion of the time frames of the wireless
signal. Selection of time frames for the paging occasions can be based on a formula that employs the integer raised to
a power that is a function of the constant. Selected paging occasions can be grouped within a discontinuous reception
(DRX) cycle of the wireless signal, or can be distributed throughout a subset of the time frames based on the above
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formula. Furthermore, one or more paging groups can be assigned to each of the paging occasions. A paging group
can comprise an identifier of an assigned mobile device, which can be utilized by the mobile device to identify the paging
group assigned to such device. Paging signals for a mobile device are incorporated into the paging group assigned to
the mobile device. By employing various paging occasions and paging groups, false alarm pages can be mitigated in
the OFDMA wireless AN, reducing power consumption of the mobile devices and reducing uplink (UL) interference
resulting from such false alarm pages. According to at least one aspect of the subject disclosure, the OFDMA wireless
AN can also designate at least one paging group that contains an identifier assigned to all mobile devices within a cell
of the wireless AN. The at least one paging group can then be utilized to page all devices in the cell with substantially
one paging signal initiated by the wireless AN. Accordingly, broadcast paging can be implemented utilizing minimal
resources of a wireless signal.

[0009] According to additional aspects, provided is a method of paging remote devices in a wireless AN. The method
can comprise dividing a wireless signal into a plurality of signal time frames defined as an integer raised to a constant
power, Int* K. The method can additionally comprise selecting a number, N, of the signal time frames as paging occasions
where N is a subset of the signal time frames.

[0010] Accordingtoother aspects, disclosed is an apparatus for paging remote devices in awireless AN. The apparatus
can comprise a timing module that divides a wireless signal into a plurality of signal time frames defined as an integer
raised to a constant power, Int # K. Moreover, the apparatus can comprise a selection module that selects a number,
N, of the signal time frames as paging occasions where N is a subset of the signal time frames.

[0011] According to still other aspects, provided is an apparatus configured for paging remote devices in a wireless
AN. The apparatus can comprise means for dividing a wireless signal into a plurality of signal time frames defined as
an integer raised to a constant power, Int * K. Furthermore, the apparatus can comprise means for selecting a number,
N, of the signal time frames as paging occasions where N is a subset of the signal time frames.

[0012] According to at least one further aspect, disclosed is a processor configured for paging remote devices in a
wireless AN. The processor can comprise a first module that divides a wireless signal into a plurality of signal time frames
defined as an integer raised to a constant power, Int * K. The processor can further comprise a second module that
selects a number, N, of the signal time frames as paging occasions where N is a subset of the signal time frames.
[0013] According to one or more other aspects, provided is a computer-readable medium comprising computer-read-
able instructions configured for paging remote devices in a wireless AN. The instructions can be executable by at least
one computer to divide a wireless signal into a plurality of signal time frames defined as an integer raised to a constant
power, Int * K. Moreover, the instructions can be executable by the at least one computer to select a number, N, of the
signal time frames as paging occasions where N is a subset of the signal time frames.

[0014] According to one or more additional aspects, disclosed is a method of identifying a paging signal for wireless
communications. The method can comprise registering for wireless communication with a wireless AN, registration
comprises at least submitting an identifier of a mobile device. The method can additionally comprise obtaining a paging
group assigned to the identifier, the paging group is associated with a paging occasion selected from a subset of signal
time frames determined from a formula comprising the number two raised to a constant power.

[0015] According to other aspects, disclosed is a mobile device configured to identify a paging signal for wireless
communication. The mobile device can comprise a transceiver configured for wireless data exchange. The mobile device
can further comprise a communication processor that provides an identifier of the mobile device to a wireless AN in
conjunction with registering the mobile device with the wireless AN. The mobile device can additionally comprise a signal
processor that obtains a paging group assigned to the identifier, the paging group is associated with a paging occasion
selected from a subset of signal time frames determined from a formula comprising the number two raised to a constant
power.

[0016] According to still other aspects, provided is an apparatus configured to identify a paging signal for wireless
communications. The apparatus can comprise means for registering for wireless communication with a wireless AN,
registration comprises at least submitting an identifier of a mobile device. Moreover, the apparatus can comprise means
for obtaining a paging group assigned to the identifier, the paging group is associated with a paging occasion selected
from a subset of signal time frames determined from a formula comprising the number two raised to a constant power.
[0017] According to one or more additional aspects, disclosed is a processor configured to identify a paging signal for
wireless communications. The processor can comprise a first module for registering for wireless communication with a
wireless AN, registration comprises at least submitting an identifier of a mobile device. The processor can further comprise
a second module for obtaining a paging group assigned to the identifier, the paging group is associated with a paging
occasion selected from a subset of signal time frames determined from a formula comprising the number two raised to
a constant power.

[0018] Accordingto atleastoneotheraspect, provided is a computer-readable medium comprising computer-readable
instructions configured to identify a paging signal for wireless communications. The instructions can be executable by
atleast one computer to register for wireless communication with a wireless AN, registration comprises at least submitting
an identifier of a mobile device. Moreover, the instructions can be executable by the at least one computer to obtain a
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paging group assigned to the identifier, the paging group is associated with a paging occasion selected from a subset
of signal time frames determined from a formula comprising the number two raised to a constant power.

[0019] To the accomplishment of the foregoing and related ends, the one or more aspects comprise the features
hereinafter fully described and particularly pointed out in the claims. The following description and the annexed drawings
set forth in detail certain illustrative aspects of the one or more aspects. These aspects are indicative, however, of but
a few of the various ways in which the principles of various aspects can be employed and the described aspects are
intended to include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 illustrates a block diagram of an example system that provides wireless communication in accordance with
aspects set forth herein.

Fig. 2 depicts a block diagram of an example communication apparatus for employment with a wireless communi-
cation environment.

Fig. 3 illustrates a block diagram of an example system that provides paging control for an OFDMA wireless AN
according to aspects disclosed herein.

Fig. 4 depicts a block diagram of a sample paging apparatus for an OFDMA wireless AN according to aspects of
the subject disclosure.

Fig. 5 illustrates a block diagram of example wireless signal paging resources according to aspects of the subject
disclosure.

Fig. 6 depicts sample distributions of wireless signal resources for paging according to one or more aspectsdisclosed
herein.

Fig. 7 depicts a block diagram of a sample system comprising a base station according to at least one aspect of
the disclosure.

Fig. 8 illustrates a block diagram of an example system comprising a mobile device according to further aspects of
the subject disclosure.

Fig. 9 depicts a flowchart of an example methodology for providing paging control for an OFDMA wireless AN
according to aspects disclosed herein.

Fig. 10 illustrates a flowchart of an example methodology for providing paging resources of a wireless signal deter-
mined from a power of two based formula.

Fig. 11 depicts a flowchart of an example methodology that facilitates paging controls in an OFDMA wireless AN.
Fig. 12 illustrates a block diagram of an example system for providing paging controls in an OFDMA wireless AN.
Fig. 13 illustrates a block diagram of a sample system that facilitates paging controls in an OFDMA wireless AN.

DETAILED DESCRIPTION

[0021] Various aspects are 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 one or more aspects. It can be evident, however, that such
aspect(s) can 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 one or more aspects.

[0022] In addition, various aspects of the disclosure are described below. It should be apparent that the teaching
herein can be embodied in a wide variety of forms and that any specific structure and/or function disclosed herein is
merely representative. Based on the teachings herein one skilled in the art should appreciate that an aspect disclosed
herein can be implemented independently of any other aspects and that two or more of these aspects can be combined
in various ways. For example, an apparatus can be implemented and/or a method practiced using any number of the
aspects set forth herein. In addition, an apparatus can be implemented and/or a method practiced using other structure
and/or functionality in addition to or other than one or more of the aspects set forth herein. As an example, many of the
methods, devices, systems and apparatuses described herein are described in the context of establishing device-specific
and system wide paging controls for a mobile communication environment. One skilled in the art should appreciate that
similar techniques could apply to other communication environments.

[0023] The subject disclosure provides for paging controls for a mobile environment (e.g., universal mobile telecom-
munications system [UMTS], frequency division multiple access [FDMA], orthogonal frequency division multiple access
[OFDMA], frequency division multiplex [FDM], evolved UMTS terrestrial radio access network [E-UTRAN], and/or like
mobile access networks). Particularly, hashing user devices into portions of a wireless signal to affect paging is provided.
Because many user devices can be served by a single network access point at a given time, paging for the user devices
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is conducted in a plurality of distinct portions (e.g., resources) of the wireless signal. Each user device can be assigned
to a distinct signal resource and monitor such resource for paging signals. Where fewer devices are served by an access
point than available paging resources, false alarm pages can be avoided (e.g., where multiple devices are paged as a
result of an inbound call for just one of the paged devices). Where more user devices are served than available paging
resources, multiple devices can be assigned to one or more such distinct portions, if necessary. This can result in false
alarm paging, but only for the devices assigned to a single paging resource. Accordingly, the subject disclosure provides
for avoiding or mitigating instances of false alarm paging in FDM, FDMA, OFDMA and/or like mobile environments.
[0024] According to some aspects of the disclosure, wireless signal paging resources are defined as a number of time
and/or identity based portions of a wireless signal. For instance, the signal can be segmented into a plurality of time-
based paging occasions. The paging occasions can comprise a time frame of a discontinuous reception (DRX) cycle of
the signal. According to some aspects, a paging occasion can comprise a fraction of the time frame, or multiple time
frames. In addition to the foregoing, multiple paging groups can be provided for the wireless signal. A paging group can
be distinguished based on an identity of a mobile device (e.g., international mobile subscriber identity [IMSI], or like
identifier). Thus, ten unique IMSIs of ten devices assigned can be employed to create ten distinct paging groups for
such devices. The paging groups can be used to distinguish paging controls for each device. A paging group provided
in such a manner can be termed a paging group identity or paging indication radio network identifier (PI-RNTI).

[0025] As discussed above, use of paging groups can limit time domain occupancy of paging resources. However,
given that a paging group identity can be transmitted with L1/L2 control channels (e.g., in an OFDMA system) and thus
the paging group identity is taken from the common identity space, the identity can be a scarce resource as well. Moreover,
if a mobile network allows multiple paging groups to be paged in one L1/L2 control signaling, the size of available PI-
RNTIs can be relatively limited. In addition, distribution of paging signals in different time frames can help avoid con-
centrated uplink (UL) interference. For instance, where multiple devices are paged in a single time frame of a downlink
(DL) signal, such devices typically will initiate a random access procedure in a common UL time frame that corresponds
with the DL time frame. This can result in interference in the UL time frame. Where paging is distributed across various
DL time frames, UL interference is mitigated. Accordingly, in at least one aspect of the subject disclosure, identity and
time based resources of the wireless signal are employed in combination in a controllable manner. As one example, the
paging identity space can be controlled via L3 protocols by signaling the range of PI-RNTIs used for paging group
indication.

[0026] For time-based paging occasions, the number of frames (or, e.g., subframes or groups of frames) utilized for
paging can be limited. As one example, an identity and time based paging system could comprise ‘N’ time-based paging
occasion resources and M’ identity-based paging groups, where ’N’ and M’ are integers. Values of ‘"M’ and "N’ can be
system parameters broadcast in the wireless signal with system information (e.g., control channel information). A hashing
function utilized to assign mobile devices to a paging group and/or paging occasion (e.g., based on a user’s IMSI) can
also be broadcast in the system information. According to particular aspects of the subject disclosure, selection of paging
resources (e.g., paging occasions and/or paging groups) can be based on a formula comprising an integer raised to a
constant power. In at least one aspect, the integer can be two, resulting in a power of two formula. In at least one other
such aspect, the power can be a constant related to the DRX cycle of a wireless signal. By employing an integer raised
to a constant power (e.g., power of two formula), paging can be made more compatible with other systems. Thus, a
mobile device entering a cell served by an OFDMA access point can readily be integrated into paging resources, as
discussed in more detail below.

[0027] As is disclosed herein, selected time-based signal resources utilized for paging can be scheduled to portions
of the wireless signal in different ways. As one example, selected time-based portions can be grouped into a contiguous
segment of a DRX cycle of the wireless signal. Location, length, number of partitions, efc., of the contiguous segment
can be broadcast with system information. After obtaining the system information, a mobile device(s) can interpret the
paging resources and identify a resource allocated to paging signals for that mobile device. In other aspects, time-based
paging resources can be selected from the wireless signal utilizing a power of two formula. Such resources can, for
instance, be distributed throughout a DRX cycle, depending on a particular formula used, constant values of the formula,
and the like. Location of the distributed time-based paging resources can also be broadcast in system information to
instruct mobile devices how to interpret the paging signals.

[0028] While hashing users over paging groups and paging occasions to reduce occurrence of false alarm paging is
beneficial, cell-wide paging can also be advantageous. For instance, where system information pertinent to all mobile
devices in a cell is to be updated, paging all such devices on a single paging resource (or, e.g., a small number of paging
resources) can be an efficient way of distributing the system information. In some systems, dedicated system-wide
resources are not necessary (e.g., in code division multiple access [CDMA] or wideband CDMA [W-CDMA] where a
paging indicator channel(s) can employ one or more bits for system wide paging). For E-UTRAN or like systems where
PI-RNTIs are transmitted on the L1/L2 control channel, for example, dedicating system-wide resources is not always
feasible. As an alternative, the subject disclosure provides for employing a special PI-RNTI, or paging group resource,
for system wide paging (e.g., ‘paging all devices’ resource). According to such an alternative, it is not necessary to page
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all paging groups and paging occasions to deliver the system wide information. Instead, a user device can be configured
to recognize the special PI-RNTI in addition to a dedicated or semi-dedicated PI-RNTI. Accordingly, the user device can
process signals in both PI-RNTIs, which can include system-wide paging information as well as device-specific paging
information, respectively.

[0029] As used in the subjectdisclosure, the terms "component,” "system," "module" and the like are intended to refer
to a computer-related entity, either hardware, software, software in execution, firmware, middle ware, microcode, and/or
any combination thereof. For example, a module can be, but is not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a program, a device, and/or a computer. One or more
modules can reside within a process and/or thread of execution and a module can be localized on one electronic device
and/or distributed between two or more electronic devices. Further, these modules can execute from various computer-
readable media having various data structures stored thereon. The modules can communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets (e.g., data from one component
interacting with another component in a local system, distributed system, and/or across a network such as the Internet
with other systems by way of the signal). Additionally, components or modules of systems described herein can be
rearranged and/or complemented by additional components/modules/systems in order to facilitate achieving the various
aspects, goals, advantages, efc., described with regard thereto, and are not limited to the precise configurations set
forth in a given figure, as will be appreciated by one skilled in the art.

[0030] Furthermore, various aspects are described herein in connection with a user terminal - UT. A UT can also be
called a system, a subscriber unit, a subscriber station, mobile station, mobile, mobile communication device, mobile
device, remote station, remote terminal, access terminal (AT), user agent (UA), a user device, or user equipment (UE).
A subscriber station can be a cellular telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a
wireless local loop (WLL) station, a personal digital assistant (PDA), a handheld device having wireless connection
capability, or other processing device connected to a wireless modem or similar mechanism facilitating wireless com-
munication with a processing device.

[0031] In one or more exemplary embodiments, the functions described can be implemented in hardware, software,
firmware, middleware, microcode, or any suitable combination thereof. If implemented in software, the functions can be
stored on or transmitted over as one or more instructions or code on a computer-readable medium. Computer-readable
media includes both computer storage media and communication media including any medium that facilitates transfer
of a computer program from one place to another. A storage media can be any physical media that can be accessed
by a computer. By way of example, and not limitation, such computer storage media can comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage or other magnetic storage devices, smart cards, and flash
memory devices (e.g., card, stick, key drive...), or any other medium that can be used to carry or store desired program
code in the form of instructions or data structures and that can be accessed by a computer. In addition, any connection
is properly termed a computer-readable medium. For example, if the software is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave are included in the definition of medium. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically, while discs reproduce data optically with lasers. Combinations
of the above should also be included within the scope of computer-readable media.

[0032] For a hardware implementation, the processing units’ various illustrative logics, logical blocks, modules, and
circuits described in connection with the aspects disclosed herein can be implemented or performed within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays (FPGASs), discrete gate or transistor
logic, discrete hardware components, general purpose processors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described herein, or a combination thereof. A general-purpose proc-
essor can be a microprocessor, but, in the alternative, the processor can be any conventional processor, controller,
microcontroller, or state machine. A processor can also be implemented as a combination of computing devices, e.g.,
acombination of a DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other suitable configuration. Additionally, at least one processor can comprise one or more
modules operable to perform one or more of the steps and/or actions described herein.

[0033] Moreover, various aspects or features described herein can be implemented as a method, apparatus, or article
of manufacture using standard programming and/or engineering techniques. Further, the steps and/or actions of a
method or algorithm described in connection with the aspects disclosed herein can be embodied directly in hardware,
in a software module executed by a processor, or in a combination of the two. Additionally, in some aspects, the steps
and/or actions of a method or algorithm can reside as at least one or any combination or set of codes and/or instructions
on a machine-readable medium and/or computer-readable medium, which can be incorporated into a computer program
product. The term "article of manufacture" as used herein is intended to encompass a computer program accessible



10

15

20

25

30

35

40

45

50

55

EP 2 186 368 B1

from any computer-readable device or media.

[0034] Additionally, the word "exemplary" is used herein to mean serving as an example, instance, or illustration. Any
aspect or design described herein as "exemplary” is not necessarily to be construed as preferred or advantageous over
other aspects or designs. Rather, use of the word exemplary is intended to present concepts in a concrete fashion. As
used in this application, the term "or" is intended to mean an inclusive "or" rather than an exclusive "or". That is, unless
specified otherwise, or clear from context, "X employs Aor B" is intended to mean any of the natural inclusive permutations.
That s, if X employs A; X employs B; or X employs both A and B, then "X employs A or B" is satisfied under any of the
foregoing instances. In addition, the articles "a" and "an" as used in this application and the appended claims should
generally be construed to mean "one or more" unless specified otherwise or clear from context to be directed to a singular
form.

[0035] As used herein, the terms to "infer" or "inference" refer generally to the process of reasoning about or inferring
states of the system, environment, and/or user from a set of observations as captured via events and/or data. Inference
can be employed to identify a specific context or action, or can generate a probability distribution over states, for example.
The inference can be probabilistic-that is, the computation of a probability distribution over states of interest based on
a consideration of data and events. Inference can also refer to techniques employed for composing higher-level events
from a set of events and/or data. Such inference results in the construction of new events or actions from a set of
observed events and/or stored event data, whether or not the events are correlated in close temporal proximity, and
whether the events and data come from one or several event and data sources.

[0036] Referring now to the Figures, Fig. 1 illustrates a wireless communication system 100 with multiple base stations
110 (e.g., wireless APs) and multiple terminals 120 (e.g., UTs), such as can be utilized in conjunction with one or more
aspects. A base station (110) is generally a fixed station that communicates with the terminals and can also be called
an access point, a Node B, or some other terminology. Each base station 110 provides communication coverage for a
particular geographic area or coverage area, illustrated as three geographic areas in Fig. 1, labeled 102a, 102b, and
102c. The term "cell" can refer to a base station and/or its coverage area depending on the context in which the term is
used. To improve system capacity, a base station geographic area/coverage area can be partitioned into multiple smaller
areas (e.g., three smaller areas, according to cell 102ain Fig. 1), 104a, 104b, and 104c. Each smaller area (104a, 104b,
104c) can be served by a respective base transceiver subsystem (BTS). The term "sector” can refer to a BTS and/or its
coverage area depending on the context in which the term is used. For a sectorized cell, the BTSs for all sectors of that
cell are typically co-located within the base station for the cell. The transmission techniques described herein can be
used for a system with sectorized cells as well as a system with unsectorized cells. For simplicity, in the following
description, unless specified otherwise, the term "base station" is used generically for a fixed station that serves a sector
as well as a fixed station that serves a cell.

[0037] Terminals 120 are typically dispersed throughout the system, and each terminal 120 can be fixed or mobile.
Terminals 120 can also be called a mobile station, user equipment, a user device, or some other terminology, as described
above. A terminal 120 can be a wireless device, a cellular phone, a personal digital assistant (PDA), a wireless modem
card, and so on. Each terminal 120 can communicate with zero, one, or multiple base stations 110 on the downlink (e.g.,
FL) and uplink (e.g., RL) at any given moment. The downlink refers to the communication link from the base stations to
the terminals, and can atleast comprise paging control information (e.g., identifying paging resources of various terminals
120) and paging signals indicating inbound communication. The uplink refers to the communication link from the terminals
to the base stations, and can at least comprise system access signals initiated by a terminal 120 in response to a paging
signal associated with the terminal 120.

[0038] Fora centralized architecture, a system controller 130 couples to base stations 110 and provides coordination
and control for base stations 110. For a distributed architecture, base stations 110 can communicate with one another
as needed (e.g., by way of a backhaul network communicatively coupling the base stations 110). Data transmission on
the forward link often occurs from one access point to one access terminal at or near the maximum data rate that can
be supported by the forward link and/or the communication system. Additional channels of the forward link (e.g., control
channel, paging resources) can be transmitted from multiple access points to one access terminal. Reverse link data
communication can occur from one access terminal to one or more access points.

[0039] Fig. 2 is an illustration of an ad hoc or unplanned/semi-planned wireless communication environment 200, in
accordance with various aspects. System 200 can comprise one or more base stations 202 in one or more cells and/or
sectors that receive, transmit, repeat, efc., wireless communication signals to each other and/or to one or more mobile
devices 204. As illustrated, each base station 202 can provide communication coverage for a particular geographic area,
illustrated as four geographic areas, labeled 206a, 206b, 206c and 206d. Each base station 202 can comprise a transmitter
chain and a receiver chain, each of which can in turn comprise a plurality of components associated with signal trans-
mission and reception (e.g., processors, modulators, multiplexers, demodulators, demultiplexers, antennas, and so
forth.), as will be appreciated by one skilled in the art. Mobile devices 204 can be, for example, cellular phones, smart
phones, laptops, handheld communication devices, handheld computing devices, satellite radios, global positioning
systems, PDAs, and/or any other suitable device for communicating over wireless network 200. System 200 can be
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employed in conjunction with various aspects of the subject disclosure in order to provide paging controls for FDM,
FDMA, OFDMA, E-UTRAN, or like mobile networks, as set forth herein.

[0040] Fig. 3 illustrates a block diagram of an example system 300 that provides paging controls for wireless commu-
nication in a mobile operating environment. System 300 comprises a paging apparatus 302 coupled to an access point
306 (e.g., base station) of the mobile operating environment. The access point 306 facilitates wireless communication
for one or more mobile devices 304. For instance, the access point 306 can couple the mobile device 304 with a voice
network (e.g., a mobile phone network, public switched telephone network, voice over Internet protocol [VolIP] network,
not depicted) that facilitates voice communication with remote devices as well as a data network (e.g., the Internet, a
private Intranet, or the like, not depicted) that facilitates data communication with remote devices (e.g., a data store,
data server, application server, efc.).

[0041] When the mobile device 304 is actively engaged in data and/or voice communication, typical communication
and processing functions are employed at the device 304 to facilitate such communication, as known in the art (e.g.,
see Fig. 8, infra). When not actively engaged in data and/or voice communication, mobile device 304 can enter an idle
state for significant periods of time to reduce device processing and associated power consumption. When idle, very
little information transmitted by the access point 306 is processed by the mobile device 304. However, in order to identify
inbound calls, the device 304 can monitor a subset of wireless signals transmitted by the access point 306 for paging
signals pertinent to the mobile device 304. Coordination of which subset of signals contain the paging signals, and thus
which subset of signals mobile device 304 should monitor, can be established by paging apparatus 302.

[0042] According to at least some aspects of the subject disclosure, paging apparatus 302 can comprise a timing
module 308 that divides a wireless signal 316 transmitted by access point 306 at least into a plurality of signal time
frames. The signal time frames can be periodically repeated, for instance, for multiple DRX cycles of the wireless signal
316. Each signal time frame can be employed to convey different information, such as synchronization information (e.g.,
synchronization pilot signal, primary synchronization sequence [PSS], secondary synchronization sequence [SSS]),
control channel information, paging information, traffic data and/or the like. A subset of the signal time frames of wireless
signal 316, determined by selection module 310, can comprise paging control information for mobile devices (304)
served by the access point 306 (e.g., see Fig. 6, infra). Each time frame comprising paging control information can be
termed a paging occasion. Selection module 310 can determine paging occasions from available time frames of the
wireless signal 316 by employing various selection formulas.

[0043] In atleast one aspect of the subject disclosure, timing module 308 can employ a formula comprising an integer
raised to a constant power (e.g., Int » K, where Int is an integer and K is a constant) to determine a number, Z, of time
frames of the wireless signal 316 per cycle (e.g., DRX cycle, signal superframe, or the like, as suitable to a network
architecture implemented at access point 306). In such aspects, selection module 310 can employ a different formula
based on the integer and/or constant to determine a number, N, of paging occasions from the Z time frames.

[0044] Position of paging occasions within wireless signal 316 can be determined from formulas utilized by selection
module 310 to select paging occasions. Alternatively, the position of the paging occasions can be a default position. In
one aspect of the subject disclosure, the positions can be grouped into a contiguous portion of wireless signal 316 (e.g.,
see system 600A of Fig. 6, infra). In another aspect, the positions can be distributed throughout the wireless signal, as
determined by a selection formula that selects the paging occasions (e.g., see system 600B of Fig. 6, infra). It should
be appreciated that number, position, length, etc., of paging occasions can be transmitted to mobile device 304, as well
as a particular paging occasion/paging group pertinent to mobile device 304.

[0045] Paging apparatus 302 can further comprise a transmission processor 312. Transmission processor 312 can
implement various wireless communications for access point 306. In one aspect, transmission processor 312 can sched-
ule control channelinformationinto a wireless signal 316. The control channel information can specify system information,
including identifying paging resources (e.g., paging occasions/paging groups) of the wireless signal 316. In at least one
aspect, transmission processor 312 can identify a particular paging resource assigned to mobile device 304. Such
resource can be determined from established paging resources based on a selection algorithm that employs an identifier
of the mobile device 304. The identifier can be, for instance, a mobile subscriber identity [MSI], an IMSI, a data session
identifier (e.g., mobile network data address, Internet protocol [IP] address, or the like), or an identifier specified by a
mobile network serving the mobile device 304, or a like identifier(s), or a combination thereof. According to at least one
aspect of the disclosure, transmission processor 312 can select a paging resource for mobile device 304 based on the
following formula:

paging occasion = (IMSI div L) mod N,

where N is a total number of paging occasions of wireless signal 316. Assignment of paging resources to mobile devices
(304) coupled with access point 306, as well as pertinent identifiers of the mobile devices (304), can be stored in memory
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314. The assignment can be maintained as a list, for instance, that can be broadcast to mobile devices (304) coupled
with the access point 306. In some aspects, assignment of paging resource(s) to mobile device 304 can be determined
and unicast to such device 304. Accordingly, transmission processor can coordinate paging resources of the wireless
signal 316 with mobile device 304, enabling the device 304 to process only a fraction of received signals in idle mode,
conserving significant processing power and battery life.

[0046] Fig. 4 depicts a block diagram of a sample paging apparatus 400 for an OFDMA wireless AN according to
aspects of the subject disclosure. In some aspects, paging apparatus 400 can be coupled with a base station (not
depicted) of a wireless AN (e.g., E-UTRAN) to provide paging controls for the base station. In other aspects, paging
apparatus 400 can be coupled with a central controller (e.g., see Fig. 1, supra, at 130) to provide paging controls for
multiple base stations of the wireless AN. Paging controls provided by paging apparatus 400 can comprise paging
resources dedicated for one or more mobile devices served by an access point(s) of the wireless AN, as well as a signal
resource(s) shared by all such devices for broadcasting system information. Accordingly, paging apparatus 400 can
facilitate low power idle mode for mobile devices by coordinating paging resources with the devices, as described herein
and/or known in the art.

[0047] Paging apparatus 400 can comprise a timing module 402 that segments a wireless signal transmitted by an
access point of a wireless AN into multiple time frames. In some aspects of the disclosure a number of such time frames
per signal, or per DRX cycle for instance, can be based on a algorithm comprising an integer (e.g., two) raised to a
constant power (e.g., where the constant is determined from a DRX cycle of the wireless signal). Paging apparatus 400
canfurther comprise a selection module 404 that selects a number of paging occasions utilized to transmit paging signals
for one or more mobile devices. The number of paging occasions, N, is a subset of the number of time frames and can
be selected as described herein.

[0048] Paging apparatus 400 can further comprise an allocation module 406 that can group paging occasions into a
contiguous portion of a wireless signal. The contiguous portion can be repeated for each DRX cycle of the wireless
signal. As one example, the allocation module 406 can schedule the N paging occasions to the first N time frames (or,
e.g., another suitable contiguous portion) of selected DRX cycles, periodic DRX cycles, each DRX cycle, efc., of the
wireless signal.

[0049] Alternatively, or in addition to the foregoing, paging apparatus 400 can comprise a calculation module 408.
Calculation module 408 can determine a distributed arrangement of paging occasions (e.g., as opposed to a contiguous
arrangement) based on a formula employing an integer, Int, raised to a power of a constant (e.g., a DRX cycle coefficient,
a number of frames in a cycle, cycle length, or other suitable constant). In some aspects, the integer can be the same
integer employed by timing module 402 to define the signal time frames of a wireless signal (or, e.g., DRX cycle).
According to particular aspects, the integer can be two and the constant can be a DRX cycle constant.

[0050] As a particular, non-limiting example of the foregoing, calculation module 408 can select and/or arrange the N
paging occasions by employing a formula of the form:

frame number mod Int * K <= N-1

where frame number is an identifier of a particular frame (e.g., a sequential order of the frame with respect to other
frames), Int is the integer utilized by timing module 402 to determine the number, Z, of time frames of the wireless signal
316, and where K is a DRX cycle constant. In at least one aspect of the subject disclosure, Int = 2, such that cycles of
wireless signal 316 comprise 2 A K time frames and paging occasions are determined from the formula:

frame number mod 2 * K <= N-1

[0051] As an alternative example to the foregoing, paging occasions can be determined from the following formula:

frame number mod Int * (K-L) = 0.

[0052] Thus, in aspects where Int = 2, the paging occasions are determined based on frame number mod 2 A (K-L) =
0. It should be appreciated that various formulas can be utilized by calculation module 408 to arrange paging occasions
instead of, or in addition to, the foregoing example formulas. Thus, the foregoing formulas are not to be construed as
limiting the subject disclosure to the particular form articulated herein. Rather, like mechanisms for selecting paging
occasions, known in the artor made known to one of skill in the art by way of the context provided in the subject disclosure,
are incorporated herein.
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[0053] In addition to the foregoing, calculation module 408 can assign a paging occasion to mobile devices served by
an access point, or vice versa. Assignment of the paging occasion can be based on an identifier of the mobile devices.
Forinstance, a unique IMSI can be utilized to determine a paging occasion for a particular mobile device. In one example,
an algorithm of the form (IMSI div L) mod N can be utilized by calculation module 408 to select paging occasions for
mobile devices. It should be appreciated, however, that other suitable examples exist for assigning a paging occasion
to a mobile device; such examples known in the art or made known to one of skill in the art by way of the context provided
herein are incorporated into the subject disclosure.

[0054] Paging apparatus 400 can further comprise a grouping module 410. Grouping module 410 can provide paging
groups (PI-RNTIs) for wireless signals of a mobile network (e.g., E-UTRAN, OFDMA, efc.). The paging groups can be
provided at least in part based on identifiers of mobile devices assigned to a paging occasion. For instance, paging
groups of a common paging occasion can be distinguished by employing distinct mobile device identifiers of devices
assigned to the paging occasion (e.g., by calculation module 408). Accordingly, grouping module 410 can further partition
time-based paging resources into identity-based paging resources. Such partitioning can increase a number of distinct
resources suitable for sending paging signals to mobile devices, reducing instances of paging false alarms at such
devices (e.g., resulting from multiple devices assigned to a single paging resource).

[0055] In addition to the foregoing, paging apparatus 400 can comprise a broadcast module 412. Broadcast module
412 is configured to facilitate system-wide paging utilizing minimal signal resources. In some aspects, broadcast module
412 can create a common identity for all remote devices in a cell served by a wireless access point. The common identity
can be associated with a selected PI-RNTI resource(s) of a wireless signal. Furthermore, the selected PI-RNTI(s) can
be distributed in system control information as a paging channel for all mobile devices in a cell. A mobile device, therefore,
can monitor the selected PI-RNTI as well as a dedicated PI-RNTI(s) assigned to the mobile device by calculation module
408, as discussed above. Accordingly, system information can be obtained via the selected PI-RNTI, and device-specific
information (e.g., an inbound call) can be obtained via the dedicated PI-RNTI(s).

[0056] Paging apparatus 402 can further comprising a processor 414 and memory 416. Processor 414 can be con-
figured to disseminate paging control information to mobile devices served by an access point, or access points of a
wireless AN. The paging control information can be broadcast in conjunction with synchronization data, control channel
data, or the like. The information can comprise a list of paging resources (e.g., paging occasions and/or PI-RNTIs)
utilized by an access point, location of such resources in a wireless signal, and like information. The information can be
stored at memory 416, along with other pertinent data such as algorithms utilized to determine time frames of a wireless
signal, select paging occasions, assign paging occasions to devices, or such as mobile device identifiers utilized to
generate PI-RNTIs and/or assign devices to signal resources, as described herein. Accordingly, paging apparatus 400
can, in some aspects of the subject disclosure, comprise a paging system suitable to implement, disseminate and
maintain system paging for an OFDMA, E-UTRAN, or like mobile communication network.

[0057] Fig. 5 illustrates a block diagram of example wireless signal paging resources according to aspects of the
subject disclosure. Specifically, Fig. 5 illustrates a two-dimensional array 500 of paging resources of a wireless signal.
The array 500 can comprise 'N’ paging occasions and ‘M’ paging groups (e.g., PI-RNTIs). Paging occasions, as utilized
herein, can comprise time-based segments of the wireless signal, such as time frames. Paging groups, as utilized herein,
can comprise identity-based partitions of the paging segments. A paging resource corresponds with a paging occa-
sion/paging group intersection block of the array 500. Thus, array 500 comprises '"M’ x "N’ paging resources, and can
therefore provide substantially "M’ x N’ distinct paging resources for ‘M’ x N’ mobile devices. In some aspects of the
subject disclosure, at least one paging resource can be reserved for broadcast paging of system information for all
devices served by a particular cell.

[0058] To distinguish the M’ paging groups for each paging occasion, a mobile device identifier 506 can be assigned
to each resource block of the paging resource array 500. Thus, for instance, an IMSI, MSI, IP address, media access
control (MAC) address, or other suitable identifier of a mobile device can be employed to distinguish paging group
resources, whether such identifiers are unique to devices globally (e.g., such that no other device has the same identifier
in the same context) or locally (e.g., such that no other device has the same identifier at a given point in time, coupled
with a given access point, served by a given mobile network, and/or the like). For a paging resource reserved for cell-
wide broadcast paging signals, a common identifier can be assigned by a network component to the reserved paging
resource and provided to each device in the cell. Thus, such devices can identify system-wide paging at least in part
utilizing the common identifier.

[0059] According to additional aspects of the disclosure, an assignment of paging resources can be provided in a DL
signal to mobile devices. In one example, the paging arrangement of all resources can be broadcast to all devices. The
broadcast can further specify an algorithm for identifying an assigned paging resource based on an identifier of receiving
devices (e.g., IMSI). Thus, in such aspects mobile devices can employ the algorithm to identify which a paging resource(s)
to monitor in order to inbound communications. In addition, the broadcast can identify the system-wide paging resources
to be monitored and processed by all devices of a cell. Alternatively, or in addition, an access point can send a unicast
message to a mobile device specifying a paging resource(s) and location(s) of such resource(s) pertinent to that device.
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In such aspects, the mobile device can simply receive the paging resource information and monitor the specified resources
to obtain indication of inbound communication.

[0060] Fig. 6 depicts sample distributions (600A, 600B) of wireless signal paging resources according to one or more
aspects of the subject disclosure. The distributions 600A, 600B depict alternative mechanisms for assigning/selecting
paging occasions determined as described herein. In the first distribution 600A, paging occasions are grouped into at
least one contiguous portion of a wireless signal. The portion can be repeated in multiple DRX cycles of the wireless
signal, select DRX cycles, or the like. In particular aspects of the disclosure, a number, N, of time frames of the signal
utilized for paging occasions can be determined based on a power of two algorithm (e.g., N =2 * L). Once determined,
the paging occasions are grouped into one or more contiguous portions of a DRX cycle. In at least one aspect of the
subject disclosure, the following formula can be utilized to determine number and/or position of the grouped paging
occasions within the wireless signal:

frame number mod 2 * K <= N-1

[0061] Location of the contiguous portion(s) can be transmitted to remote devices utilizing broadcast messaging,
unicast messaging or a combination thereof or of the like. Furthermore, the contiguous portion(s) can be included in a
single cycle of the wireless signal, included periodically in multiple cycles, included in select multiple cycles, modulated
into multiple cycles, or the like.

[0062] Distribution 600B illustrates a distributed arrangement of paging occasions. A plurality of N paging occasions
can be selected based on a power of two algorithm. The power of two algorithm can be utilized, for instance, to select
particular time segments of a wireless signal for paging resources. In particular aspects, the base integer two can be
raised to a constant, K, power in the algorithm, where K is determined from a length of a DRX cycle (based on, e.g.,
number of total time frames 2 A K) of the wireless signal. According to at least one aspect, the following formula can be
utilized to determine the distributed paging occasions:

(1) frame number mod 2 * (K-L) = 0.

[0063] The paging occasions can be distributed throughout the DRX cycle of the wireless signal based on the frame
number of selected paging occasions.

[0064] Distribution arrangements (600A, 600B) can be submitted to mobile devices coupled with an access point of
awireless AN. In addition, the devices can submit to the access pointidentifier information that can be utilized to provide
the paging resources, where suitable. By sharing distribution information, a mobile device can determine which paging
resources are allocated to such device. Accordingly, the mobile device can go into an idle mode when not participating
in active voice or data communication, monitoring substantially only the paging occasions of the wireless signal pertinent
to the mobile device.

[0065] Fig. 7 depicts a block diagram of a sample system 700 comprising a base station 702 according to at least one
aspect of the disclosure. Base station 702 can be configured to provide paging controls for AT(s) 704 (e.g., mobile
devices). For instance, base station 702 can be configured to provide paging resources for wireless signals transmitted
by transmitter 724 and transmit antenna(s) 708. The paging resources can include paging occasions, paging groups
and the like, as described herein or known in the art.

[0066] Base station 702 (e.g., access point, ...) can comprise a receiver 710 that receives signal(s) (e.g., over-the-air
[OTA] messages) from one or more ATs 704 through one or more receive antennas 706, wherein the transmitter 724
transmits modulated signals provided by modulator 722 to the one or more ATs 704 through transmit antenna(s) 708.
Receiver 710 can receive information from receive antennas 706 and can further comprise a signal recipient (not shown)
to receive uplink data transmitted by AT(s) 704. Additionally, receiver 710 is operatively associated with a demodulator
712 that demodulates received information. Demodulated symbols are analyzed by a processor 714. Processor 714 is
coupled to a memory 716 that stores information related to functions provided by base station 702. In one instance,
stored information can comprise protocols for functions implemented by paging apparatus 718. Such functions can
comprise defining time-based segments for a transmitted signal. Furthermore, the functions can comprise selecting
paging occasions from a plurality of the time-based segments (e.g., utilizing a power of two based algorithm), providing
paging groups, obtaining identifier information from the AT(s) 704, employing the identifier information in establishing
the paging groups, assigning AT(s) 704 to one or more paging occasions and/or paging groups, providing a common
paging occasion/group for cell-wide paging signals, or the like, as described herein.

[0067] Additionally, processor 714 and memory 716 can be coupled with a communication processor 720. Commu-
nication processor 720 can schedule paging channel arrangements into wireless signals transmitted by base station
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702. The paging channel arrangements can be broadcast to the AT(s) 704, or unicast to one or more particular AT(s).
Accordingly, AT(s) 704 can receive the paging channel arrangements and determine which portion of the wireless signal
should be monitored to obtain paging signals from base station 702.

[0068] Fig. 8 depicts a block diagram of an example system 800 comprising a mobile terminal 802 configured to
facilitate wireless communications in a mobile communication environment. Mobile terminal 802 can be configured to
wirelessly couple with one or more base stations 804 (e.g., access point) of a wireless AN (e.g., FDM, FDMA, OFDMA,
E-UTRAN). Mobile terminal 802 can receive wireless signals (e.g., OTA messages) from the base station 804 on a DL
channel and respond with wireless signals on an UL channel, as known in the art. In addition, mobile terminal 802 can
submit an identifier pertinent to the mobile terminal 802 on the UL channel to the base station 804. The identifier can
be a unique identifier (e.g., IMSI, MAC address), or semi-unique identifier that is distinct with respect to other mobile
devices coupled to the base station 804 (e.g., MSI, IP address, data session identifier, or the like). In addition, mobile
terminal 802 can extract information identifying paging control arrangements from signals provided by the base station
804. In at least one aspect of the disclosure, the paging control arrangements can be based at least in part on the
identifier of the mobile terminal 802. According to further aspects, mobile terminal 802 can employ a formula based on
the identifier to determine a paging resource assigned to the mobile terminal 802 from base station 804. According to
still other aspects, paging control arrangements can comprise a universal paging resource applicable to all remote
devices (802) coupled to the base station 804 (e.g., employing a common identifier provided in a DL signal to mobile
terminal 802).

[0069] Mobile terminal 802 includes at least one antenna 806 (e.g., a transmission receiver or group of such receivers
comprising an input interface) that receives a signal and receiver(s) 808, which performs typical actions (e.g., filters,
amplifies, down-converts, efc.) on the received signal. In general, antenna 806 and transmitter 822 (collectively referred
to as a transceiver) can be configured to facilitate wireless data exchange with base station(s) 804. According to at least
some aspects, a communication signal processor(s) 812 can schedule the identifier of mobile device 802 into an UL
signal transmitted by transmitter 822 to the base station 804. Such UL signal can be transmitted, for instance, in con-
junction with registering the mobile device 802 with a wireless AN (not depicted) associated with the base station 804.
[0070] Antenna 806 and receiver(s) 808 can also be coupled with the demodulator 810 that can demodulate received
symbols and provide them to communication processor(s) 812 for evaluation. It should be appreciated that communication
processor(s) 812 can control and/or reference one or more components (806, 808, 810, 814, 816, 818, 820, 822) of the
mobile terminal 802. Further, communication processor(s) 812 can execute one or more modules, applications, engines,
or the like (816, 818) that comprise information or controls pertinent to paging controls provided by base station 804, as
described herein.

[0071] Mobile terminal 802 can additionally include memory 814 that is operatively coupled to communication proc-
essor(s) 812. Memory 814 can store data to be transmitted, received, and the like, and instructions suitable to conduct
wireless communication with a remote device (804). Further, memory 814 can store the modules, applications, engines,
etfc. (814, 818, 820, 822) executed by communication processor(s) 812, above.

[0072] The communication processor 812 can further comprise a signal processor (812) that obtains a paging group
assigned to the identifier submitted by the communication processor(s) 812. In some aspects, the paging group can be
associated with a paging occasion selected from a subset of signal time frames of a DL signal. The signal time frames
can be determined from a formula comprising an integer (e.g., the number two or other suitable integer) raised to a
constant power (e.g., where such constant is determined from a DRX cycle associated with the DL signal).

[0073] In addition to the foregoing, signal processor (812) can obtain a location of the paging group and/or paging
occasion within the DL signal. Moreover, the signal processor (812) can monitor the paging group/occasion to facilitate
identifying paging signals for mobile terminal 802. In some aspects, the location of the paging group/occasion can be a
portion of a contiguous segment of the DL signal reserved for paging resources. In other aspects, the paging group/oc-
casion can be a distributed identity/time based portion of such signal. A paging response module 816 can extract
information from the paging group/occasion and determine whether a paging signal is included therein. If the paging
signal is present, communication processor(s) 812 can initiate an access procedure to the wireless AN, for instance, to
inform the base station 804 and/or network components associated there with that the mobile terminal 802 is ready to
receive inbound communications.

[0074] In at least one aspect of the subject disclosure, mobile device 802 can further comprise a calculation module
818 that can identify a paging occasion associated with the mobile device 802 based on the identifier submitted by
communication processor 812. The calculation module 818 can utilize a specified formula to identify the paging occasion.
The specified formula can be stored in memory 814, provided in a DL signal by base station 804, or the like. In one
example, the formula can be of the form: paging occasion = (identifier div L) mod N, where L is a constant utilized to
determine a number N of paging occasions of the DL signal. As discussed above, once the paging occasion associated
with mobile device 802 is identified, paging response module 816 can determine whether a paging group associated
with the paging occasion contains a paging signal. If so, communication processor can initiate the access procedure to
a wireless AN or other communication network coupled to the base station 804.
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[0075] The aforementioned systems have been described with respect to interaction between several components,
modules and/or communication interfaces. It should be appreciated that such systems and components/modules/inter-
faces can include those components or sub-components specified therein, some of the specified components or sub-
components, and/or additional components. For example, a system could include paging apparatus 302, base station
702, and mobile terminal 802, or a different combination of these and other components. Sub-components could also
be implemented as components communicatively coupled to other components rather than included within parent com-
ponents. Additionally, it should be noted that one or more components could be combined into a single component
providing aggregate functionality. For instance, timing module 402 can include selection module 404, or vice versa, to
facilitate segmenting a wireless signal into multiple time portions and selecting one or more paging occasions out of
such time portions (e.g., employing a power of two based algorithm) by way of a single component. The components
can also interact with one or more other components not specifically described herein but known by those of skill in the art.
[0076] Furthermore, as will be appreciated, various portions of the disclosed systems above and methods below may
include or consist of artificial intelligence or knowledge or rule based components, sub-components, processes, means,
methodologies, or mechanisms (e.g., support vector machines, neural networks, expert systems, Bayesian belief net-
works, fuzzy logic, datafusion engines, classifiers...). Such components, inter alia, and in addition to that already described
herein, can automate certain mechanisms or processes performed thereby to make portions of the systems and methods
more adaptive as well as efficient and intelligent.

[0077] In view of the exemplary systems described supra, methodologies that may be implemented in accordance
with the disclosed subject matter will be better appreciated with reference to the flow charts of FIGs. 9-11. While for
purposes of simplicity of explanation, the methodologies are shown and described as a series of blocks, it is to be
understood and appreciated that the claimed subject matter is not limited by the order of the blocks, as some blocks
may occur in different orders and/or concurrently with other blocks from what is depicted and described herein. Moreover,
not all illustrated blocks may be required to implement the methodologies described hereinafter. Additionally, it should
be further appreciated that the methodologies disclosed hereinafter and throughout this specification are capable of
being stored on an article of manufacture to facilitate transporting and transferring such methodologies to computers.
The terms apparatus and article of manufacture, as used, are intended to encompass a computer program accessible
from any computer-readable device, device in conjunction with a carrier, or storage medium.

[0078] Fig. 9 depicts a flowchart of an example methodology 900 for providing paging control for an OFDMA wireless
AN according to aspects disclosed herein. At 902, method 900 can divide a wireless signal into a plurality of signal time
frames. The number of signal time frames can be based on an integer raised to a constant power. In some aspects, the
integer can be the number two, or other suitable integer. Furthermore, the constant can, in some aspects, comprise a
constant associated with a DRX cycle of the wireless signal. By employing such a formula to generate signal time frames,
devices can efficiently enter and leave a wireless network employing the divided wireless signal.

[0079] At 904, method 900 can select a number, N, of signal time frames as paging occasions. Furthermore, the
number N can be a subset of the signal time frames. The signal time frames can be assigned to various remote devices
in conjunction with establishing paging controls for mobile communication. Such communication can be in accordance
with protocols pertinent to a mobile communication network, such as an FDM, FDMA, OFDMA, E-UTRAN, or like
communication and/or access network. The paging controls can be utilized to facilitate efficient idle mobility and power
reduction for mobile devices communicatively coupled with the mobile communication network.

[0080] Fig. 10 illustrates a flowchart of an example methodology 1000 for providing paging resources of a wireless
signal determined from a power of two based formula. At 1002, method 1000 can determine signal paging occasions
from signal time frames of a wireless signal utilizing a power of two formula, as described herein, and discussed below.
At 1004, method 1000 can select N paging occasions from a subset of the signal time frames based on the formula. At
1006, a determination is made as to whether the paging occasions are grouped within the wireless signal (e.g., in one
or more contiguous signal time frames of a DRX cycle(s) of the signal), or distributed throughout the wireless signal. If
grouped, method 1000 can proceed to 1008; otherwise method 1000 can proceed to 1012.

[0081] At 1008, method 1000 can select a set of paging occasions from the time frames of the wireless signal based
on a first power of two formula. In some aspects of the subject disclosure, the power of two formula can be:

frame number mod 2 * K <= N-1

as described herein. At 1010, method 1000 can group the selected set of paging occasions into a portion of a DRX cycle
of the wireless signal. In some aspects, the portion can be repeated in multiple DRX cycles of the wireless signal. For
instance, the paging occasions can periodically be in portions of multiple DRX cycles. In another example, the paging
occasions can be present in select DRX cycles, but not in other cycles. It should be appreciated that various suitable
arrangements wherein the paging occasion group is modulated within a plurality of DRX cycles is contemplated as within
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the scope of the subject disclosure. From reference number 1010, method 1000 can proceed to 1016.
[0082] At 1012, method 1000 can select a set of distributed paging occasions from the time frames of the wireless
signalbased ona second power oftwo formula. In some aspects of the subjectdisclosure, the power of twoformula can be:

Frame number mod 2 * (K-L) =0

as described herein. At 1014, method 1000 can distribute the paging occasions of the set throughout one or more signal
time frames of the wireless signal as determined by the power of two formula. For instance, the formula can be utilized
to select which signal time frames of a DRX cycle are allocated to paging occasions. Method 1000 can proceed from
1014 to 1016.

[0083] At 1016, method 1000 can assign a plurality of paging groups for the determined paging occasions. In some
aspects of the disclosure, the paging groups can be distinguished utilizing identifiers of a mobile device(s) assigned to
apaging group. Thus, method 1000 can provide for time and/or identity based allocation of paging resources, as described
herein. At 1018, method 1000 can create a common paging channel group for all remote devices served by an access
point of a wireless AN. The paging channel can be utilized to efficiently broadcast system information to all such remote
devices. Accordingly, methodology provides for at least one paging channel for each such device, a dedicated channel,
a common channel, or both.

[0084] Fig. 11 depicts a flowchart of an example methodology 1100 that facilitates paging controls in an OFDMA
wireless AN. Method 1100, at 1102, can register for wireless communication with a wireless AN. Registration can at
least comprise, for instance, submitting an identifier (e.g., an IMSI) of a mobile device to the wireless AN. At 1104,
method 1100 can obtain a paging group assigned to the identifier. The paging group can be determined, in at least one
example, based on the identifier of the mobile device and a number of available paging groups for a wireless signal. In
one particular example, the paging group can be obtained from an algorithm such as IMSI mode M, where M is the
number of available paging groups. The paging group can be submitted over a DL channel andreceived by an antenna(s)
and receiver at the mobile device. In addition, the paging group can be associated with a paging occasion of the DL
channel. Such paging occasion can further be determined from a formula comprising an integer (e.g., 2) raised to a
constant power (e.g., determined from a DRX cycle of the wireless signal).

[0085] At 1106, method 1100 can monitor the received paging group assigned to the identifier. At 1108, method 1100
can determine whether a paging signal is included in a resource addressed for the paging group. If so, at 1110, method
1100 can initiate an access procedure to the wireless AN. The access procedure can inform the AN that the mobile
device can bereached via a particular base station, and that the mobile device is ready to receive inbound communication
for such device.

[0086] Fig. 12 illustrates a block diagram of an example system 1200 for providing paging controls in an OFDMA
wireless AN. System 1200 can comprise a module 1202 for dividing a wireless signal into a plurality of signal time frames.
The module 1200 can determine a number of such signal time frames based, for instance, on a formula comprising an
integer raised to a constant power. In at least one aspect, the integer can comprise the number two, or other suitable
integer that provides a efficient integration of mobile devices from external systems (e.g., CDMA, W-CDMA) into a local
system (e.g., FDM, OFDMA, E-UTRAN, efc.). Additionally, the constant power can comprise a constant K, determined
at least in part from a DRX cycle associated with the wireless signal. In addition to the foregoing, system 1200 can
comprise a module 1204 for selecting paging occasions from the signal time frames. In some aspects, the module 1204
can select a subset of the signal time frames as paging occasions. Furthermore, the paging occasions can be scheduled
by module 1204 into various portions of the wireless signal, such as a contiguous group(s) of time frames of the signal
(or, e.g., of one or more DRX cycles of such signal), or to distributed time frames, determined from a power of two based
formula. In one example, the continuous time frames can be selected based on the formula: frame number mod 2 A K
<= N-1. In at least one alternative example, the distributed time frames can be selected based on the formula; frame
number mod 2 * (K-L) = 0. Arrangement of paging occasions within the signal, whether in a contiguous portion(s) or
distributed, can be provided to remote devices (not depicted) to facilitate synchronization of paging channels between
the remote devices and system 1200.

[0087] Fig. 13 illustrates a block diagram of a sample system 1300 that facilitates paging controls in an OFDMA
wireless AN. System 1300 can comprise a module 1302 for registering for wireless communication. Registration can
be, for instance, with a mobile communication network via a wireless access point coupled to such network. In some
aspects, the module 1302 can include an identifier of a mobile device in conjunction with the registration, where the
identifier is a global identifier (e.g., IMSI, MAC address), or semi-global or local identifier (e.g., IP address, MSI, data
session identifier, and so on). Additionally, system 1300 can comprise a module 1304 for obtaining a paging group by
way of wireless communication. Furthermore, the paging group can be associated with the identifier by an access point
of a wireless AN (e.g., E-UTRAN). In at least one aspect, the paging group can be associated with a paging occasion
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that is selected from a subset of signal time frames of a DL signal. Selection of the paging occasion from the signal time
frames can, in at least one example, be based on a formula comprising an integer (e.g., the number two) raised to a
constant power. Location of the paging group within the DL signal can be obtained from such signal, either directly or
indirectly by employing the formula and identifier.

[0088] What has been described above includes examples of aspects of the claimed subject matter. It is, of course,
not possible to describe every conceivable combination of components or methodologies for purposes of describing the
claimed subject matter, but one of ordinary skill in the art may recognize that many further combinations and permutations
of the disclosed subject matter are possible. Accordingly, the disclosed subject matter is intended to embrace all such
alterations, modifications and variations that fall within the scope of the appended claims. Furthermore, to the extent
that the terms "includes," "has" or "having" are used in either the detailed description or the claims, such terms are
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

Claims

1. A method of paging remote devices in a wireless network, comprising:
dividing a wireless signal into a plurality of signal time frames defined as an integer raised to a constant power,
Int A K, wherein the constant, K, is a coefficient of a DRX cycle; and
selecting (1008, 1012) a number, N, of the signal time frames as paging occasions where N is a subset of the

signal time frames;
characterized in that at least one of the following formulae is employed to select the paging occasions:

frame number mod 2K <= N-1 (1008);

or

frame number mod 2*(K-L) =0 (1012),

where frame number is an identifier of a particular frame and
L is a constant utilized to determine a number, N, of paging occasions of the wireless signal.

2. The method of claim 1, wherein the integer, Int, is 2..
3. The method of claim 1, further comprising employing a formula:

paging occasion = (IMSI div L) mod N to select one of the N paging occasions for a remote device, where IMSI
is the international mobile subscriber identity of the remote device.

4. The method of claim 1, further comprising assigning (1016) a plurality of paging groups for a paging occasion.
5. The method of claim 4, further comprising:

assigning an identifier of a remote device to one of the plurality of paging groups; and
paging the remote device on the paging group of the paging occasion.

6. The method of claim 1, further comprising creating a common identity for all remote devices in a cell and utilizing
the common identity in a specified paging group to page all the remote devices in the cell.

7. An apparatus configured for paging remote devices in a wireless network, comprising:
means for dividing a wireless signal into a plurality of signal time frames defined as an integer raised to a
constant power, Int A K, wherein the constant, K, is a coefficient of a DRX cycle; and

means for selecting a number, N, of the signal time frames as paging occasions where N is a subset of the
signal time frames;
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characterized in that the means for selecting the N paging occasions is based on at least on one of the following
formulae:

frame number mod 2K <= N-1;

or

frame number mod 2"(K-L) =0

where frame number is an identifier of a
particular trame and L is a constant utilized to determine a number, N, of paging occasions of the wireless signal..

8. The apparatus of claim 7, further comprising:
means for grouping the N paging occasions into a contiguous portion of a DRX cycle of the wireless signal;

means for creating a common identity for all remote devices in a cell; and
means for utilizing the common identity in a specified paging group to page all the remote devices in the cell.

9. The apparatus of claim 7, further comprising means for selecting one or more of the N paging occasions for aremote

device utilizing the formula:

paging occasion = (IMSI div L) mod N

where IMSI is the international mobile subscriber identity of the remote device.
10. The apparatus of claim 7, wherein the means for dividing the wireless signal comprises:

means for employing the number two as the integer, Int; or
means for employing a coefficient of a DRX cycle as the constant, K.

11. A computer-readable medium, comprising:

computer-readable instructions configured for paging remote devices in a wireless network, the instructions are
executable by at least one computer to:

divide a wireless signal into a plurality of signal time frames defined as an integer raised to a constant
power, Int A K, wherein the constant, K, is a coefficient of a DRX cycle; and
select a number, N, of the signal time frames as paging occasions where N is a subset of the signal time

frames;

characterized in that at least one of the following formulae is employed to select the paging occasions:

frame number mod 2K <= N-1;

or

frame number mod 2"(K-L) =0,

where frame number is an identifier of a particular frame and
L is a constant utilized to determine a number, N, of paging occasions of the wireless signal.
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netzwerk, das Folgendes aufweist:

Teilen eines Drahtlossignals in eine Vielzahl von Signalzeitrahmen, definiert als eine ganze Zahl hoch einer
Konstante Int*K, wobei die Konstante K ein Koeffizient eines DRX-Zyklus ist; und

Auswahlen (1008, 1012) einer Anzahl N der Signalzeitrahmen als Funkruf-bzw. Paging-Gelegenheiten, wobei
N ein Subsatz der Signalzeitrahmen ist;

dadurch gekennzeichnet, dass wenigstens eine der folgenden Formeln zum Auswahlen der Paging-Gele-
genheiten eingesetzt wird:

Rahmennummer mod 24K <= N-1 (1008);

oder

Rahmennummer mod 24(K-L) = 0 (1012),

wobei die Rahmennummer ein |dentifikator eines bestimmten Rahmens ist und L eine Konstante ist, die genutzt
wird, um eine Anzahl N von Paging-Gelegenheiten des Drahtlossignals zu bestimmen.

Verfahren nach Anspruch 1, wobei die ganze Zahl Int 2 ist.

Verfahren nach Anspruch 1, das weiter Einsetzen einer folgenden Formel aufweist:
Paging-Gelegenheit = (IMSI div L) mod N zum Auswahlen einer der N Paging-Gelegenheiten fiir eine Fernein-
richtung, wobei IMSI| (IMSI = international mobile subscriber identity) die internationale Mobilteiinehmeridentitat

der Ferneinrichtung ist.

Verfahren nach Anspruch 1, das weiter Zuweisen (1016) einer Vielzahl von Paging-Gruppen fir eine Paging-Ge-
legenheit aufweist.

Verfahren nach Anspruch 4, das weiter Folgendes aufweist:

Zuweisen eines |dentifikators einer Ferneinrichtung zu einer der Vielzahl von Paging-Gruppen; und
Pagen der Ferneinrichtung in der Paging-Gruppe der Paging-Gelegenheit.

Verfahren nach Anspruch 1, das weiter Erzeugen einer gemeinsamen Identitat fir alle Ferneinrichtungen in einer
Zelle und Nutzen der gemeinsamen ldentitat in einer spezifischen Paging-Gruppe zum Pagen aller Ferneinrichtung
in der Zelle aufweist.

Eine Vorrichtung, die konfiguriert ist zum Pagen bzw. Funkrufen von entfernten Einrichtungen bzw. Ferneinrichtun-
gen in einem Drahtlosnetzwerk, das Folgendes aufweist:

Mittel zum Teilen eines Drahtlossignals in eine Vielzahl von Signalzeitrahmen, definiert als eine ganze Zahl
hoch einer Konstante Int*K, wobei die Konstante K ein Koeffizient eines DRX-Zyklus ist; und

Mittel zum Auswahlen einer Anzahl N der Signalzeitrahmen als Funkruf- bzw. Paging-Gelegenheiten, wobei N
ein Subsatz der Signalzeitrahmen ist;

dadurch gekennzeichnet, dass die Mittel zum Auswahlen der N Paging-Gelegenheiten auf wenigstens einer
der folgenden Formeln basieren:

Rahmennummer mod 2*K <= N-1;

oder
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Rahmennummer mod 24(K-L) = 0,

wobei die Rahmennummer ein |dentifikator eines bestimmten Rahmens ist und L eine Konstante ist, die genutzt
wird, um eine Anzahl N von Paging-Gelegenheiten des Drahtlossignals zu bestimmen.

Vorrichtung nach Anspruch 7, die weiter Folgendes aufweist:

Mittel zum Gruppieren der N Paging-Gelegenheiten in einen zusammenhangenden bzw. angrenzenden Ab-
schnitt eines DRX-Zyklus des Drahtlossignals;

Mittel zum Erzeugen einer gemeinsamen Identitat fir alle Ferneinrichtungen in einer Zelle; und

Mittel zum Nutzen der gemeinsamen |dentitat in einer spezifischen Paging-Gruppe zum Pagen aller Fernein-
richtung in der Zelle.

Vorrichtung nach Anspruch 7, die weiter Mittel zum Auswahlen einer oder mehrerer der N Paging-Gelegenheiten
fir eine Ferneinrichtung aufweist, die die folgende Formel nutzen:

Paging-Gelegenheit = (IMSI div L) mod N,

wobei IMSI (IMSI = international mobile subscriber identity) die internationale Mobilteilnehmeridentitat der Fernein-
richtung ist.

Vorrichtung nach Anspruch 7, wobei die Mittel zum Teilen des Drahtlossignals Folgendes aufweisen:

Mittel zum Einsetzen der Zahl Zwei als die ganze Zahl Int; oder
Mittel zum Einsetzen eines Koeffizienten eines DRX-Zyklus als die Konstante K.

Ein computerlesbares Medium, das Folgendes aufweist:

computerlesbare Instruktionen, die konfiguriert sind zum Pagen bzw. Funkrufen von entfernten Einrichtungen
bzw. Ferneinrichtungen in einem Drahtlosnetzwerk, wobei die Instruktionen durch wenigstens einen Computer
ausgeflihrt werden kdnnen zum:

Teilen eines Drahtlossignals in eine Vielzahl von Signalzeitrahmen, definiert als eine ganze Zahl hoch einer
Konstante Int*K, wobei die Konstante K ein Koeffizient eines DRX-Zyklus ist; und

Auswahlen einer Anzahl N der Signalzeitrahmen als Funkruf- bzw. Paging-Gelegenheiten, wobei N ein
Subsatz der Signalzeitrahmen ist;

dadurch gekennzeichnet, dass wenigstens eine der folgenden Formeln zum Auswahlen der Paging-Gele-
genheiten eingesetzt wird:

Rahmennummer mod 22K <= N-1;

oder

Rahmennummer mod 2*(K-L) = 0,

wobei die Rahmennummer ein |dentifikator eines bestimmten Rahmens ist und L eine Konstante ist, die genutzt
wird, um eine Anzahl N von Paging-Gelegenheiten des Drahtlossignals zu bestimmen.

Revendications

1.

Procédé de radiorecherche de terminaux distants dans un réseau sans fil, comprenant les étapes consistant a :
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diviser un signal hertzien en une pluralité de trames temporelles de signal définies comme un nombre entier
élevé a une puissance constante, Int # K dans lequel la constante, K, est un coefficient d’'un cycle DRX ; et
sélectionner (1008, 1012) un nombre, N, des trames temporelles de signal comme constituant des occasions
de recherche de terminal ou N est un sous-ensemble des trames temporelles de signal,

caractérisé en ce qu’au moins l'une des formules suivantes est utilisée pour sélectionner les occasions de
recherche de terminal :

numéro de trame mod 22K <= N-I (1008) ;

ou

numéro de trame mod 24 (K-L) =0 (1012),

dans lequel le numéro de trame est un identifiant d’'une trame particuliére, et
L est une constante utilisée pour déterminer un nombre, N, d’occasions de recherche de terminal du signal
hertzien.

Procédé selon la revendication 1, dans lequel le nombre entier, Int, est égal a 2.
Procédé selon la revendication 1, comprenant en outre ['utilisation d’'une formule:

occasion de recherche de terminal = (IMSI div L) mod N pour sélectionner 'une des N occasions de recherche
de terminal pour un terminal distant, ou IMSI est I'identité internationale d’abonné mobile du terminal distant.

Procédé selon la revendication 1, comprenant en outre 'affectation d’une pluralité de groupes de recherche de
terminal pour une occasion de recherche de terminal.

Procédé selon la revendication 4, comprenant en outre les étapes consistant a :

affecter un identifiant d’un terminal distant a 'un parmi la pluralité de groupes de recherche de terminal ; et
réaliser une radiorecherche pour le terminal distant sur le groupe de radiorecherche correspondant a 'occasion
de recherche de terminal.

Procédé selon la revendication 1, comprenant en outre la création d’une identité commune pour tous les terminaux
distants dans une cellule et I'utilisation de lidentité commune dans un groupe de radiorecherche spécifié pour
pratiquer une radiorecherche pour tous les terminaux distants dans la cellule.

Un appareil configuré pour la radiorecherche de terminaux distants dans un réseau sans fil, comprenant :

des moyens pour diviser un signal hertzien en une pluralité de trames temporelles de signal définies comme
un nombre entier élevé a une puissance constante, Int * K dans lequel la constante, K, est un coefficient d’'un
cycle DRX ; et

des moyens pour sélectionner un nombre, N, des trames temporelles de sighal comme constituantdes occasions
de recherche de terminal ou N est un sous-ensemble des trames temporelles de signal,

caractérisé en ce que les moyens pour sélectionner les N occasions de recherche de terminal sont basés sur
au moins l'une des formules suivantes :

numéro de trame mod 24 K <=N-I ;

ou

numéro de trame mod 2 * (K-L) = 0,

dans lequel le numéro de trame est un identifiant d’'une trame particuliére, et
L est une constante utilisée pour déterminer un nombre, N, d’occasions de recherche de terminal du signal
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hertzien.
8. L’appareil selon la revendication 7, comprenant en outre :
des moyens pour regrouper les N occasions de recherche de terminal en une partie contigué d’'un cycle DRX
du signal hertzien; et
des moyens pour créer une identité commune pour tous les terminaux distants dans une cellule ; et
des moyens pour exploiter 'identité commune dans un groupe de radiorecherche spécifié pour pratiquer une

radiorecherche pour tous les terminaux distants dans la cellule.

9. L’appareil selon la revendication 7, comprenant en outre des moyens pour sélectionner une ou plusieurs des N
occasions de recherche de terminal pour un terminal distant, en utilisant la formule :

occasion de recherche de terminal = (IMSI div L) mod N

ou IMSI est I'identité internationale d’abonné mobile du terminal distant.
10. Appareil selon la revendication 7, dans lequel les moyens pour diviser le signal hertzien comprennent :

des moyens pour utiliser le nombre deux comme l'entier, Int ; ou
des moyens pour utiliser un coefficient d’'un cycle DRX comme constante, K.

11. Un support lisible par ordinateur, comprenant :

les instructions lisibles par ordinateur configurées pour pratiquer une radiorecherche de terminaux distants dans
un réseau sans fil, les instructions étant susceptibles d’étre exécutées par au moins un ordinateur afin de :

diviser un signal hertzien en une pluralité de trames temporelles de signal définies comme un nombre entier
élevé a une puissance constante, Int # K dans lequel la constante, K, est un coefficient d’'un cycle DRX ; et
sélectionner un nombre, N, des trames temporelles de signal comme constituant des occasions de recher-
che de terminal ou N est un sous-ensemble des trames temporelles de signal, caractérisé en ce qu’au
moins l'une des formules suivantes est utilisée pour sélectionner les occasions de recherche de terminal :

numéro de trame mod 24 K <=N-I ;

ou

numéro de trame mod 2 (K-L) =0,

dans lequel le numéro de trame est un identifiant d’'une trame particuliére, et
L est une constante utilisée pour déterminer un nombre, N, d’occasions de recherche de terminal du signal
hertzien.
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