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(57) Abstract: A base station and method include dividing machine to machine devices into a plurality of groups and paging each
group during paging listening windows corresponding to each paging group during a coordinated paging cycle. A machine to ma-
chine device wakes up at a coordinated paging cycle selected from a number of coordinated paging cycles and sends uplink data fol -

o lowing receipt of the number of coordinated paging cycles corresponding to the reporting period.
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BASE STATION AND COMMUNICATION METHOD FOR MACHINE
TO MACHINE COMMUNMICATIONS

Related Apnlication

5 (8081} This application claims priority to United States Provisional
Application serial number 61/450,716, filed March 9, 2011, entitied
“ADVANCED WIRELESS COMMUNICATION SYSTEMS AND

TECHNIQUES”, which is incorporated hercin by reference.

10 Backeround
(8802} Cellular systems employ a random access mechanism to arbitrate
the network entry or network reentry of mobile stations (MS). Base stations
{BS) have a limited resource of random access channels based on the assumption
that not all mobile stations will enter the network at the same time. With the

15 addition of thousands of machine to machine (M2M) devices to an overlaid base
station that is serving large mumber of mobile stations, there is a great concemn
that the random access channels will be congested. Currently, M2ZM devices can
send data at any interval that they want. When a large number of M2M devices

are deployed in a single cell, it can result in network entry congestion.

20
Brief Description of the Drawings
16603] FIG. 1 is a block diagram iHustrating a coordinated paging
architecture according to an example embodiment.
33041 FIG. 2 is a timing diagram illustrating coordinated paging for
25 multiple M2M devices according to an example embodiment.

[B805] FIG. 3 15 a flow diagram illustrating a method of grouping
devices for uplink communications in a cell according to an example

embodiment.
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(66086} FIG. 4 is a tflow diagram illustrating a method executed by a

coordinated paging controller to poll devices according to an example

erobodiment,
16667 FIG. 5 is a flow diagram illustrating a method executed by a

device responding to polls according to an example embodiment.

[B068] FIG. 6 is a iming diagram llustrating hybrid paging of devices
according to an example embodiment.

(6609} FI1G. 7 is a block diagram of a machine that maybe specifically
programmed to execute one or more methods according to an example

embodiment,

Dietatled Description

8010} In the following description, reference is made to the
accompanying drawings that form a part hereotf, and in which is shown by way
of illustration specific embodiments which may be practiced. These
ernbodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other embodiments may be
utilized and that siructural, logical and electrical changes may be made without
departing from the scope of the present invention. The following description of
example embodiments is, therefore, not o be taken in a limited seuse, and the
scope of the present invention s defined by the appended claims,

{8811} The functions or algorithms described herein may be
implemented in software or a combination of software and human implemented
procedures in one embodiment. The software may consist of computer
exccutable instructions stored on computer readable media such as memory or
sther type of storage devices. Further, such functions correspond to modules,
which are software, hardware, firmware or any combination thereof. Multiple
functions may be performed in one or more modules as desired, and the
embodiments described are merely examples. The software may be executed on
a digital signal processor, ASIC, microprocessor, or other type of processor
operating on a corpuier system, such as a personal coraputer, server or other

computer system.

)
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16612} In various embodiments, a method is used to alleviate uplink
congestion issues without changing an underlying random access
comnunication mechanism that cellular systems use to coramunicate with

mobile stations and machine to machine (M2M)} devices.

(931

34313} There are many different types of M2ZM devices currently being
used in cellular systerns at the same time as mobile stations that are typically
used by humans for various types of communications. M2M devices may be
fixed or mobile, and have a bias toward sending uplink communications as
opposed to receiving large amounts of data. A smart phone may also operate as
16 an M2M device in addition to providing typical phone functionality. Typical
uplink communications consist of short messages, but some also provide video
streaming. Several usage models include vehicie location tracking, healthcare,
secured access and surveillance, public safety such as river and dam water level
monitoring, point of sale, smart meters, digital signage, and remote sensing such
15 asoil, gas, water, and alarm. This list of M2M devices is not exhaustive, and
many more may be developed in the future with different service requirements.
16614} Given the current mix of M2M devices used in various
applications, some average attributes include 3 long idle time between sensing
uplink data and a fairly small data pavicad for the uplink. Uplink transmissions
20 have a bias toward mainly providing non-real time pertodic monitoring reports
and occastonally to send a real time alarra report.
(8815} Since M2M applications generally have a bias toward uplink, and
most of the uphink traffic is dedicated to provide non-real time periodic

monitoring reports, uplink grants to the M2M devices are scheduled in a
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sequential manner in onc embodiment, to reduce the chance of collision in a
network re-eniry process.

8416} Existing paging mechanisms in an [IEE 802.16 standard are used
in one embodiment with modifications to schedule uplink transmissions for large
numbers of MZM devices such as sensors. The maodifications transform the

30 paging mechanisms into coordinated paging, as opposed to idle mode paging

that 15 used to signal pending downlink traffic.
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(6817} FIG. 1 is a block diagram illustrating a coordinated paging
architecture generally at 100. A base station 110 1s controlled by a coordinated
paging controller 115, which in one embodiment s a computer program stored

and executed on the base station 110, The controlier 115 is coupled to an M2M

(931

server 120 via a network 125, such as the Internet, or other type of wireless or
wired network. The M2M server 120 1s used in one embodiment to determine
uplink requirements of various M2M applications 130. The M2M server 120
then configures the controller 115 about the interval of M2ZM periodic reports.
Once the controller 115 is configured, the controller via a base station
10 transceiver and antenna polls the M2M devices 135 at a paging cycle, and
delivers the M2M reports to the M2M server 120.
3318} FIG. 2 is a timing diagram illustrating coordinated paging for
multiple M2M devices generally at 200. In one ernbodiment, 128 paging groups
labeled PG1 to PG128 are illustrated on the vertical axis. Each paging group has
15 acorresponding page listening window 210 separated in time from adjacent page
histening windows 210 by a paging offset 215, The horizontal axis corresponds
to time, as measured by superframe numbers, and lustrates one coordinated
paging cyele.
33191 In one embodiment, the duration of a paging cycle is equivalent
20 to the reporting interval of an M2M application. The paging groups each have
the same paging cyele of 4096 superframes, or approximately 80 seconds. Each
group is separated by different paging offsets, such as zero for paging group
PG, 32 superframes for PG2, 64 superframes for PG2, cte.

16626] In one example, there are 4096 M2M devices that need to send a
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measurement every 4096 superframes, While specific mumbers are used to
identify superframes, devices, and paging cycles, further embodiment may
utilize different number of superframes, devices, and paging cyeles as desired.
When an M2M device de-registers from the base station 110, the base station
116 assigns the device to one of the paging groups. If each paging group

30 contains 32 devices, then 4096 devices may be supported. Therefore,
coordinated paging can reduce the number of devices entering the network in

every 32 superframes interval o 32 devices. Many of the M2M devices are
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remote sensors or smart meters that are designed to send hourly, daily, weekly,
or even mounthly measurements. An M2M device may receive polls sent during
a paging cycle to determine when to send a report.

18621] Some typical paging cycles that may be used by M2M devices

(931

determine times for reporting include 4096 supertrames corresponding o
approximately 80 seconds, 16384 superframes (approximately § minutes, 27
seconds}, 65536 superframes (approximately 22 minutes), 262144 superframes
{approximately 87 minutes), 1048576 superframes (approximately S houss, 48
minutes), and 4194304 supertrames (approximately 23 hours, 18 minutes).
10 (6823 In some embodiments, an M2M device operating as a remote
sensor can report a measurement at an interval greater than its paging cycle. In
sne example, an M2ZM sensor device s assigned a paging cycle of 4194302
superframes (i.e. 23 hours, 18 minutes). If the sensor only takes a measurement
once g month, the sensor will wake up at each page listening interval, but will go
15 back to an idle mode without performing network entry responsive to the page.
When it reaches a 30” paging cycle, the sensor will then send the measurement
1epott.
[6623] In essence, a remote sensor will go into an idle mode, then wake
up at the interval of ifs assigned paging cycle to listen to a broadcast paging
20 message. The base station in one embodiment will send an M2M report code
identifying the M2ZM sensor with an [ and a report code telling the device to
report. In one embodiment, the report codes include “0b8” for no action
required and “0b1” for send aplink report.

16024] FIG. 3 is a flow diagram illustrating a roethod 300 of grouping

3%
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devices for uplink communications in a cell. In one embodiment, M2M server
120 receives information at 310 from applications running on M2M devices,
meluding the identities of devices within a cell and the reporting requirements of
the devices. This mformation is used fo assign paging groups to the M2M
devices, and provide the M2M devices with an offset in a coordimated paging

30 cycle. The M2M devices may be assigned to the paging groups as a function of
their reporting indtervals to nminioize network reentry congestion. For example, a

farger number of M2M devices with longer reporting intervals may be assigned

W
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to one group, and fewer M2M devices with shorter reporting intervals may be
assigned to another group. In further embodiments, the M2M devices may be
assigned randomly, or sequentially, with each new M2M device bemg added to
the next group in sequence.
25 At320, M2M devices are assigned a paging cvcle as a function of
the length of their individual reporting intervals. As described above, the M2M
evices will wake from idle mode to listen for a page from the controller at their
assigned paging cycle, and wait a selected mumber of paging cycles until they
provide their uplink data at their reporting interval. The assigned paging cycle
may be assigned to conserve battery power in the M2M device in some
ermbodiments, ensuring that the number of times the devices need to wake up is
minimized with respect to their reporting interval. Note that the functions
deseribed in method 300 may be performed in one or morve different places. The
assignment of MZM devices to paging groups may be performed by the
controller 115 or the server 120 in various embodiments. 1f done by the
controller 113, the server 120 will provide the controller 115 with the
imformation obtained from the M2ZM devices to enable the assignraent,
18626] FIG. 4 is a flow diagram illustrating a method 400 executed by
the controller 115 to poll devices according to an example embodiment. The
controller 115 retrieves a hist of M2M devices in the cell that identifies thewr
group and particular assigned paging cycle and offset at 410. The controller then
broadcasts a page corresponding to the first paging group at 415, i then listens
for responses at 420.
186627} Various protocols may be used for responding to pages. o one
ernbodiment, the controller 115 sends a poll that includes the 1D of the MZM
device with a report code indicating whether or not the device should report. In
this embodiment, the device need not keep track of the number of pages received
n order to correlate the pages to the reporting interval. The controller sends the
page with 1D and a report code informing the device to report.
(6628} When reporis are received at 426, they are forwarded on to the
M2M server 120, which may further forward the reports at 425 on o various

entities that are monitoring the M2M devices, such as a utility company. These
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steps are repeated as indicated at 430 for cach of the paging groups in the
coordinated paging cycle. The paging cycle is then repeated, starting at 410,
updating the list of M2M devices in the cell. In some embodiments, the list of

M2M devices may be updated in real time as devices are added, or periodically

(931

as desired.

(8029} FIG. 5 s a flow diagram illustrating a method 500 execuied by a

evice responding to polls according to an example embodiment. At510, an

M2M device sends information regarding its reporting interval to the server 125.

In further embodiments, the information may be sent by an installer or owner of

10 the M2M device, or M2M operators by any convenient means, such as viaa
network., At 515, the M2M device receives back a coordinated paging cycle. In
some embodiments, the reporting info may be controlled by an operator. Ina
smart meter example, the operator may determine how often, and what
imformation is to be polled.

15 (0838} The coordinating paging cycle identifies when the device should
wake up and lsten for pages. Tt may inclode an offset into the coordinated
paging cycle during which to listen for a page. In one embodiment, if the
controller wants the device to send the report at the fourth paging cycles, then
the controller can send the report code of no action required in the coordinated

20 paging cycles one, two, and three. Tu the fourth paging cyele, the controller

sends a page with a report code indicating that the device should send a report.

18631} At 520, the M2ZM device may enter an idle mode while waiting

for its page at the offset into the coordinated paging cycle. When The M2M

device wakes up a page is received as indicated at 525 atf the proper time, the

3%
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M2M device determines if there is data available to send. If the data is available

and the page indicates that data should be sent, the M2M device will transmit the

data respounsive to the page at 530, In one embodiment, the M2M device will
cceive a page identifying the M2M device by 1D and containing a reporting

code to send an uplink report. The M2ZM device will then enter the idle mode

30 again at 520, waiting for the next page.

18632} FIG. 6 at 600 illustrates a coordinated paging cyele 602 fora

device that needs to receive a downlink message at an interval smaller than the
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paging cycle for sending an uplink message. H the M2M device needs to receive
a downlink message at an interval smaller than the uplink reporting interval, then
it chooses a smaller paging cycle 604, such as for example a 128 superfraroe
cycle for downlink messages and a 4096 superframe paging cycle 602 for uplink
messages. Listening windows 605 for downlink messages are shown as offset
by a paging offset 610. Tn one embodiment, the M2M device wakes up from idle
mode every 128 superframes at 6035, Coordinated paging listening windows 615
are indicated near the beginning of each coordinated paging cycle, and contain a
report code. The other page histening windows 605 contain an action code for
the downlink data. In some IEEE 802,16 embodiments, a base station sends a
downlink message, such as an AAL-PAG-ADV message with an action code of
{60 to signal a pending downlink message.

8833} The action code 0b0 signals the device to perform network entry.
Action code 0bl signals the device to perform a location update. For hybrid
paging, a base station sends the AAI-PAG-ADV message with an action code of
0b0 if the device has a downlink message pending , and /or with a report code of
Ob1 if the device is to send the uplink data.

16434] In further embodiments, the paging control for both coordinated
paging and downlink paging are separated into two one-bit codes. A one bit
action code for the downlink action, and a one bit report code for coordinated
paging. The report code Obl signals the device to send the uplink report. The
report code 0b0 is reserved.

16835} FIG. 7 is a block diagram of a machine that maybe specitically
programmed to execute one or more methods according to an example
embodiment, In the embodiment shown in FIG. 7, a hardware and operating
environment is provided that is applicable to any of the base stations, controllers,
servers, smart phones and M2M devices shown in the other Figures. Many of
the components in FIG. 7 may not be needed for vartous implementations. The
machine illustrated in FIG. 7 may be suitable for use as any of the machine to
machine devices (FIG. 1), although other configuration may be suitable. The
machine Hustrated in FIG. 7 may also be suitable for use as base station 110

(FIG. 1) although other configurations may be suitable.
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16636} As shown in FIG. 7, one embodiment of the hardware and
operating environment includes a general purpose computing device in the form
of a computer 700 (¢.g., a personal computer, workstation, or server), including
one of more processing units 721, a system memory 722, and a system bus 723
that operatively couples various system components including the system
memory 722 to the processing unit 721, There may be only one or there may be
more than one processing unit 721, such that the processor of computer 700
comprises a single central-processing unit {CPU), or a phurality of processing
units, commonly referred to as a multiprocessor or parallel-processor
environment. In various embodiments, computer 700 is a conventional
computer, a distributed computer, or any other type of computer.

18837} The system bus 723 can be any of several types of bus structures
meluding a memory bus or memory controller, a peripheral bus, and a local bus
using any of a variety of bus architectures. The system memory can also be
referred to as simply the memory, and, in some embodiments, includes read-only
memory (ROM) 724 and random-access memory (RAM) 725, A basic
mput/output system {BIOS) program 726, contaming the basic routines that help
to transfer information between clements within the computer 700, such as
during start-up, may be stored in ROM 724, The computer 760 further includes
a hard disk drive 727 for reading from and writing to a hard disk, not shown, a
magnetic disk drive 728 for reading from or writing to a removable magoetic
disk 729, and an optical disk drive 730 for reading from or writing to a
removable optical disk 731 such as a CD ROM or other optical media.

16638] The hard disk drive 727, magnetic disk drive 728, and optical
disk drive 730 couple with a hard disk drive mterface 732, a magnetic disk drive
interface 733, and an optical disk drive interface 734, respectively. The drives
and their associated computer-readable media provide non volatile storage of
computer-readable imstructions, data structures, program modules and other data
for the computer 700. It should be appreciated by those skilled in the art that any
type of computer-readable media which can store data that is accessible by a
computer, such as roagnetic cassettes, flash memory cards, digital video disks,

Bernoulli cartridges, random access memories (RAMs), read only memories
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{ROMs), redundant arrays of independent disks {e.g., RAID storage devices) and
the like, can be used in the exemplary operating environment.

18339} A plurality of program modules can be stored on the hard disk,
magnetic disk 729, optical disk 731, ROM 724, or RAM 725, including an
operating system 735, one or more application programs 736, other program
moduoles 737, and program data 738, Programming for implementing one or
more processes or method described herein may be resident on any one or
number of these computer-readable media.

16848} A user may cuter commmands and information into computer 700
through input devices such as a keyboard 740 and pointing device 742, Other
mput devices (not shown} can inchude a microphone, joystick, game pad,
sateilite dish, scanner, or the like. These other input devices are often connected
to the processing unit 721 through a serial port intertace 746 that is coupled to
the system bus 723, but can be conncected by other interfaces, such as a parallel
port, game port, or a universal serial bus (USB). A monitor 747 or other type of

~
/
I

display device can also be connected to the systern bus 723 via an interface, such
as a video adapter 748, The monitor 747 can display a graphical user mterface
for the user. In addition to the monitor 747, computers typically include other
peripheral output devices (not shown), such as speakers and printers,

6041} The computer 700 may operate in a networked environment using
togical connections to one or more remote compuiers or servers, such as remote
computer 749, These logical connections are achieved by a communication
device coupled to or a part of the computer 700; the invention is not imited to a
particular type of comnunications device. The remote computer 749 can be
another computer, a server, a router, a network PC, a client, a peer dovice or
sther comimon network node, and typically includes many or all of the elements
deseribed above I/0 relative to the computer 700, although only a memory
storage device 750 has been illustrated. The logical connections depicted in
FIG. 7 inclhude a local area network (LAN) 751 and/or a wide area network
{(WAN} 752, Such networking environments are commonplace in office
networks, enterprise-wide computer networks, intranets and the internet, which

are all types of networks.

10
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(6842} When used in a LAN-networking environment, the computer 700
is connected to the LAN 751 through a network interface or adapter 753, which
is one type of communications device. o some embodiments, when used in a

WAN-networking environment, the computer 700 typically includes a modem

(931

754 (another type of communications device} or any other type of
communications device, ¢.g., a wireless transceiver, for establishing
conununications over the wide-area network 752, such as the internet. The
modem 754, which may be internal or external, is connected to the system bus
723 via the serial port interface 746, In a networked environment, program

16 modules depicied relative to the computer 700 can be stored in the remote
memory storage device 750 of remote computer, or server 749, 1t is appreciated
that the network connections shown are exemplary and other means of, and
communications devices for, establishing a communications link between the
computers may be used including hyvbrid fiber-coax connections, T1-T3 lines,

15 DSL's, OC-3 and/or OC-12, TCPF/IP, microwave, wireless application protocol,
and any other electronic media through any suitable switches, routers, outlets
and power lines, as the same are known and understood by one of ordinary skill
in the art.
j843] In some embodiments, base station 110 and M2M devices may be

20 configured to communicate orthogonal-frequency division multiplexed {OFDM)

conmunication signals over a multicarricr conununication chamnel. The OFDM

signals may comprise a plurality of orthogonal subcarriers.  In some broadband
multicarrier erabodiments, base station 110 may be part of a broadband wireless

access (BWA) network communication station, such as a Worldwide
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Interoperability for Microwave Access { WiMAX) communication station. fn
some other broadband multicarrier embodiments, base station 110 may be a 3rd
Generation Partnership Project (3GPP) Universal Terrestrial Radio Access
Network (UTRAN or eNB (E-UTRAN Node B)) Long-Term-Evolution (LTE)
or a Long-Term-Evolution (LTE)} communication station, although the scope of
30 the invention s not limited in this respect. Tn these broadband multicarrier

erobodiroents, base station 110 and M2M devices may be configured to

Bl



WO 2012/121776 PCT/US2011/066222

communicate in accordance with an orthogonal frequency division multiple
access (OFDMA) technique.
16844] For more information with respect to the TEEE 802,16 standards,

please refer to “IEEE Standards for Information Technology -

(931

Telecommumnications and Information Exchange between Systems” -
Metropolitan Arca Networks - Specitic Requirements — Part 16: “Air Interface
for Fixed Broadband Wireless Access Systems,” May 2005 and related
amendments/versions. For more information with respect to UTRAN LTE
standards, see the 3rd Generation Partnership Project (3GPP) standards for
10 UTRAN-LTE, release 8, March 2008, including variations and evolutions
thereof.
345 In some embodiments, the base station 110 and the M2M devices
may vtilize one or more antennas for transimission of RF signals to M2M
devices. The antennas may comprise ong or more directional or omuidirectional
15 antennas, including, for example, dipole antennas, monopole antennas, patch
anitennas, loop antennas, microstrip antennas or other types of antennas suitable
for transmission of RF signals. In some embodiments, instead of two ot more
antennas, a single antenna with multiple apertures may be used. In these
embodiments, each aperture may be considered a separate antenna. In some
20 wmultiple-input multiple-output (MIMO) embodiments, antennas may be
etfectively separated to take advantage of spatial diversity and the different
channel characteristics that may resuit between each of antennas and the
antennas of a transmitting station. Tu some embodiments, a M2M device may

utilize a single antenuna.

3%
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[6846] Several examples are now provided.
83471 I. A method comprising:
dividing machine to machine devices into a plurality of groups;
paging cach group during paging listening windows corresponding o
cach paging group during a coordinated paging cycle,
306 [6848] 2. The method of example | wherein the paging is performed

by a controller in a base station of a cell.

12
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(6849} 3. The method of example | wherein the coordinated paging
cycle inchides 4096 superframes and wherein there are 128 paging groups.
[6058] 4, The method of example | wherein machine to machine
devices are assigned to groups as a function of a machine to machine reporting
interval.

(8031} S. The method of example | wherein paging includes a page

meluding an 1D of a particular machine to machine device,

(6852} 6. The method of example 5 wherein the page includes a

report code identifving whether or not the machine to machine device should

send an uplink report.

[8653] 7. The method of example 6 wherein the page report code

indicates to send an uplink report when a specified number of paging cycles has

been reached corresponding to a reporting interval of the machine to machine
device.

(6854} 8. The method of example | and further comprising:
recerving an ophink report from a machine to machine device; and
forwarding the uplink report to a machine to machine device server.

[6G55] 9. The method of example | and further comprising paging a

machine to machine device with a paging cycle less than the coordinated paging

cycle to mdicate a downlink message is available to the machine to machine
device.

8056} 10. A machine readable storage device having coded stored

thereon to cause a machine to implement a method, the method comprising:
waking up at a coordinated paging cyvcle selected from a number of

coordinated paging cycles; and
sending uplink data following receipt of the number of coordinated
paging cycles corresponding to the reporting petiod.

(8857} It The machine readable storage device of example 10 and

wherein the method further comprises receiving a page sent at a group paging

offset during each coordinated paging cycle, and wherein the uplink data is sent
following a paging offset within the coordinated paging cycle corresponding to

one of a plurality of paging groups.
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{6858} 12. The machine readable storage device of example 11
wherein the page includes a machine to machine device TD and a report code.
186659] 13, The machine readable storage device of example 12

wherein the uplink data is sent in response to a paging report code instructing the

(931

machine to machine device {o send a report.

8060} 14, The machine readable storage device of example 10

wherein the method further comprises sending a reporting interval from which a

coordinated paging cyele is selected.

16861} Is. The machine readable storage device of example 10

16 wherein the method further comprises receiving pages for downlink data at a
paging cycle that is shorter than the coordinated paging cycle for uplink data.
33621 i6. The machine readable storage device of example 10 and
further comprising a machine to machine device having a processor (o execute
the code stored on the machine readable storage device.

15 (0863} 17. A system comprising:

a base station comprising physical layer cireuitry {or a transceiver) to
comnunicate with mobile devices and machine to machine devices within a cell;
and

a coordinated paging controller to divide machine to machine devices

20 mio a plurality of groups and page cach group during paging listening windows
corresponding to each paging group during a coordinated paging cycle.

18064} 18.  The system of example 17 wherein the coordinated paging
cycle inchides 4096 superframes and wherein there are 128 paging groups.

18065] i9. The system of example 17 wherein paging includes a page

3%
(%41

mcluding an D of a particular machine to machine device and a report code
identifying whether or not the maching to machine device should send an uplink
report,

{8066} 20. The systern of example 19 wherein the page report code
mmdicates to send an uplink report when a specified mumber of paging cycles has
30 been reached corresponding to a reporting interval of the machine to machine

device,

14
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(931

10

3%
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(8867} 2L The system of example 20 wherein the page report code
is a one bit code.

18068] 22. The system of example 17 wherein the coordinated paging
controiler further receives an uplink report from a machine to machine device
and forwards the uplink report t¢ a machine to machine device server.

3069} 23, The system of example 17 wherein the coordinated paging
controller further pages a machine to machine device with a paging cyele less
than the coordinated paging cycie to indicate a downlink message is available o
the machine to machine device,

186670} 24, The systern of example 23 wherein a down hink page
action code is a one bit code.

88711 25, The system of example 17 wherein the base station is an
eNB operating in accordance with a 3GPP LTE specification.

18872} 26. The systern of example 17 wherein the base station is a
WiMAX base station operating in accordance with an [EEE 802.16
spectfication.

18673] 27. A meachine to machine device programmed to wake up at
a coordinated paging cycle selected from a number of coordinated paging cycles
and send uplink data following receipt of the number of coordinated paging
cycles corresponding to the reporting period.

[8874] 28, The machine to machine device of example 27 wherein
the machinc to machine device is further programmed to receive a page sent at a
group paging offset during each coordinated paging cycle and to send the uplink
data tollowing a paging offset within the coordinated paging cycle
corresponding to one of a plurality of paging groups.

j8875] 29. The machine to machine device of example 28 wherein
that page includes a machine to machine device ID and a report code.

(6076} 34, The machine to machine device of example 28 wherein
the machine to machine device further receives pages for downlink data ata
paging cycle that is shorter than the coordinated paging cycle for uplink data.
18477} 31, A machine readable storage device having instructions to

cause a machine to perform a method, the method comprising:

[y
(v
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dividing machine to machine devices into a plurality of groups;
paging each group during paging histening windows corresponding to
cach paging group during a coordinated paging cycle.

16678] 32. The machine readable storage device of example 31

(931

wherein the coordimated paging cycle includes 4096 superframes and wherein
there are 128 paging groups.
18479} 33.  The machinc rcadable storage device of example 31
wherein paging includes a page including an 1D of a particular machine to
machine device and an report code identifying whether or not the machine to
10 machine device should send an uplink report.
16080 34, The machine readable storage device of example 31
wherein the method further comprises:
receiving an uplink report from a machine to machine device; and
forwarding the uplink report to a machine to machine device server,
15 [0881} 35. The machine readable storage device of example 31
wherein the method further comprises paging a machine to machine device with
a paging cycle tess than the coovdinated paging cycle to indicate a downlink
message is available to the machine to machine device.
[B382] Although a few embodiments and examples have been described
20 detail above, other modifications are possible. For example, the logic flows
depicted in the figures do not require the particular order shown, or sequential
order, to achicve desirable results, Other steps may be provided, or steps may be
climinated, from the described flows, and other components may be added to, or

removed from, the described systems. Other embodimaents may be within the

3%
(%41

scope of the following claims,

16
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CLAIMS
1. A method comprising:
dividing meachine to machine devices into a plurality of groups;

paging each group during paging listening windows corresponding to

(931

each paging group during a coordinated paging cycle.

2. The method of claim 1 wherein the paging is performed by a controller in

a base station of a cell.

o 3 The method of claim | wherein the coordinated paging cvele includes

4096 superframes and wherein there are 128 paging groups.

4, The method of claim 1 wherein machine to machine devices are assigned
to groups as a function of @ machine to machine reporting interval.
5. The method of claim 1 wherein paging includes a page including an 1D

of a particular machine to machine device.

6. The method of claim § wherein the page inchudes a report code
20 identifying whether or not the machine to machine device should send an uplink

eport,

7. The method of claim 6 wherein the page report code indicates to send an

uplink report when a specified number of paging cycles has been reached

25  corresponding to a reporting interval of the machine to machine device.
8. The method of claim 1 and further comprising:
receiving an uplink report from a machine to machine device; and
forwarding the uplink report to a machine to machine device server.
30

17
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8. The method of claim 1 and further comprising paging a machine to
machine device with a paging cycle less than the coordinated paging cyele to

imdicate a downlink message 15 available to the machine to machine device.

(931

i, A machine readable storage device having coded stored thereon to cause
a machine to implement a method, the method comprising:

waking up at a coordinated paging cycle selected from a mumber of
coordinated paging cyeles; and

sending uplink data following receipt of the number of coordinated

10 paging cveles corresponding to the reporting period.

11 The machine readable storage device of claim 10 and wherein the method

further comprises receiving a page sent at a group paging offset during each

coordinated paging cyvele, and wherein the uplink data is sent following a paging
15 offset within the coordinated paging cyele corresponding to one of a plurality of

paging groups.

12. The machine readable storage device of claim 11 wherein the page

includes a machine io machine device I and a report code.

20
13 The machine readable storage device of claim 12 wherein the uplink data
is sent in response to 3 paging report code mstructing the machine to machine
device to send a report.

25 14, The machine readable storage device of claim 10 wherein the method

further comprises sending a reporting interval from which a coordinated paging

cycle is selected.

15. The machine readable storage device of claim 10 wherein the method
30 forther comprises receiving pages for downlink data at a paging cycle that is

shorter than the coordinated paging cycle for uplink data.
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i6. The machine readable storage device of ¢laim 10 and further comprising
a a machine to machine device having a processor to execute the code stored on

the machine readable storage device.

(931

i7. A system comprising:

a base station comprising physical layer circuitry {or a transceiver) to
conumunicate with mobile devices and machine to machine devices within a cell;
and

a coordinated paging controller to divide machine to machine devices
16 into a plurality of groups and page cach group during paging listening windows

corresponding to each paging group during a coordinated paging cycle.

18, The systemn of claim 17 wherein the coordinated paging cycle mncludes

4096 superframes and wherein there are 128 paging groups.

19, The system of claim 17 wherein paging inclodes a page mchiding an 1D
of a particular machine to machine device and a report code identifying whether

or not the machine to machine device should send an uplink report,
20 20 The systemn of claim 19 wherein the page report code indicates to send an
uplink report when a specified number of paging cycles has been reached

corresponding to a reporting interval of the machine to machine device.

21 The system of claim 20 wherein the page report code 18 a one bit code,

3%
(%41

22. The system of claim 17 wherein the coordinated paging controller further
receives an uplink report from a machine to machine device and forwards the

uplink report to a machine to machine device server,

i3



WO 2012/121776 PCT/US2011/066222

23, The system of claim 17 wherein the coordinated paging controller further
pages a machine to machine device with a paging cyele less than the coordinated
paging cyele to indicate a downlink message 1s available to the machine to

machine device.

!
24, The system of claim 23 wherein a down link page action code is a one
bit code.
25, The systom of claim 17 wherein the base station is an eNB operating in

10 accordance with a 3GPP LTE specitfication.

26.  The system of claim 17 wherein the base station is a WiMAX base

station operating in accordance with an IEEE 802.16 specification.

15 27 A machine to machine device programmed to wake up at a coordinated
paging cycle selected from a number of coordinated paging cycles and send
uphink data following receipt of the number of coordinated paging cycles

corresponding to the reporting periad.

20 28, The machine to machine device of claim 27 wherein the machine (o
machine device is further programmed to receive a page sent at a group paging
offset during each coordinated paging cycle and to send the uplink data
following a paging offset within the coordinated paging cycle corresponding to

one of a plurality of paging groups.

3%
(%41

29.  The machine to machine device of claim 28 wherein that page includes a

machine to machine device ID and a report code.
30. The machine to machine device of claim 28 wherein the machine to

30 machine device further receives pages for downlink data at a paging cycle that is

shorter than the coordinated paging cycle for uplink data.

20
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