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PAGING MECHANISM FOR WIRELESS NETWORKS

CROSS REFERENCE

[0001] The present application claims priority to U.S. Patent Application Serial
No. 14/985,991, filed December 31, 2015, entitled “Paging Mechanism for
Wireless Networks”, the contents of which are incorporated by reference herein
in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to wireless communications, and, in
particular embodiments, to a system and method for paging a device in a

wireless communications network.

BACKGROUND

[0003] In current Long Term Evolution networks, a device may be assigned an
identifier which is used by the network to send data to the device, while the
device has a logical connection established with a particular base station or
network node. The assigned identifier is temporary and its use is discontinued
after the device has completed communications and entered a standby or idle
mode of operation. If the network subsequently has data to send to the device, a
paging mechanism is used to contact the device prior to sending data. The
paging mechanism increases overhead in the network, particularly when the
paging message is transmitted from multiple base stations within the known
tracking area for the device. Paging messages may include a lengthy identifier
associated with the device such as an International Mobile Equipment Identity
(IMEI) or International Mobile Subscriber Identity (IMSI). A series of messages
must also be exchanged in order for the device to re-establish a connection with
a base station.

SUMMARY

[0004] According to one example, described herein is a paging method in a
wireless network for a target device that is enabled to transition between an
active state and a standby state. The paging method includes: tracking a
location of a target device within the network while the target device is in the
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standby state based on a periodic identifying signal from the target device;
determining a serving transmission point for the target device based on the
tracking; and instructing the serving transmission point to transmit a paging
message to the target device.

[0005] According to another example, described herein is a network controller
comprising: a communications interface; a processor; and one or more non-
transitory computer readable media having computer readable instructions
stored thereon for transmitting and receiving data through the communications
interface. The instructions, when executed by the processor, directing the
network controller to: track a location of a target device within a wireless
network while the target device is in the standby state based on a periodic
identifying signal from the target device; determine a serving transmission point
for the target device based on the tracked location; and instruct the serving
transmission point to transmit a paging message to the target device.

[0006] According to another example, described herein is a method of paging
a device in a wireless communications network, the method comprising:
receiving, by a serving transmission point, instructions to send a paging
message to a target device that is operating in a standby state in the wireless
communication network, the instructions including a connection identifier
assigned to the target device; and transmitting, by the serving transmission
point, the paging message including the connection identifier to the target device
while the target device is in the standby state, the connection identifier having
been retained for the target device from at least a previous active state of the
target device.

[0007] According to another example, described herein is a wireless
transmission point comprising: a communications interface; a processor; and
one or more non-transitory computer readable media having computer readable
instructions stored thereon for transmitting and receiving data through the
communications interface. The instructions, when executed by the processor,
direct the wireless transmission point to: receive instructions to send a paging
message to a target device that is operating in a standby state in a wireless
communication network, the instructions including a connection identifier

assigned to the target device; and transmit the paging message including the
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connection identifier to the target device while the target device is in the
standby state, the connection identifier having been retained for the target
device from at least a previous active state of the target device.

[0008] According to another example, described herein is a method
performed by a device in a wireless communications network, the method
comprising: receiving and storing a device connection identifier while in an
active state; transitioning to a standby state; periodically monitoring, while in
the standby state, the wireless communications network for paging messages
that include the device connection identifier.

[0009] According to another example, described herein is a wireless device
comprising: a communications interface; a processor; and one or more non-
transitory computer readable media having computer readable instructions
stored thereon for transmitting and receiving data through the communications
interface. Tthe instructions, when executed by the processor, direct the wireless
device to: receive and store a device connection identifier while in an active
state; transition to a standby state; and periodically monitor, while in the
standby state, the wireless communications network for paging messages that
include the device connection identifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Reference will now be made, by way of example, to the accompanying
drawings which show example embodiments of the present disclosure, and in
which:

[0011] Figure 1 illustrates an example of a wireless communications network
according to example embodiments.

[0012] Figure 2 illustrates an example of a logical entity or hypercell of a
network of Figure 1.

[0013] Figure 3 illustrates an example of a DCID associated with a user

equipment device according to example embodiments.

[0014] Figure 4A is a schematic flowchart diagram illustrating a paging

method according to example embodiments.
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[0015] Figure 4B illustrates an example of a paging message used in the

method of Figure 4A according to example embodiments.

[0016] Figure 5A is a schematic flowchart diagram illustrating a paging

method according to example embodiments.
[0017] Figure 5B illustrates an example of a paging message used in the

method of Figure 5A.

[0018] Figure 6A and Figure 6B are schematic flowchart diagrams illustrating
a paging method according to example embodiments.

[0019] Figure 7 is a diagram of a concatenated paging message according to
example embodiments.

[0020] Figure 8 is a block diagram of a wirelessly-enabled device for

implementing embodiments described herein.

DETAILED DESCRIPTION

[0021] The structure, manufacture and use of example embodiments are
discussed in detail below. The specific examples discussed are merely
illustrative of specific ways to make and use embodiments of the invention, and

do not limit the scope of the invention.

[0022] Figure 1 illustrates a wireless communications network 100 to which
the paging procedures described herein can be applied. The communications
network 100 is a user equipment (UE)-centric network 100 which employs an air
interface designed to support non-cellular based wireless communications. In
example embodiments, network communications are organized around a
connection identifier, such as a Dedicated Connection Identifier (DCID), which is
assigned to a device or UE 104. The UE 104 may have different operating states
with different sets of functionality in each state. At least some degree of
connectivity to the network 100 is supported in each operating state, such that
the UE 104 maintains its DCID and its connection to the wireless
communications network 100. As a result, if the network 100 has data to send to
a particular target UE 104, a paging message containing the DCID of the target
UE 104 is sent during a listening occasion of the target UE 104. Overhead in the
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network 100 is reduced because the UE 104 is not required to re-establish a
connection to the network as part of the paging process. The DCID also may be
shorter than other identifiers, such as an International Mobile Equipment
Identity (IMEI) or International Mobile Subscriber Identity (IMSI), used in
existing paging processes. In example embodiments, the location of the UE 104
relative to a number of transmission points may be tracked, and the paging
message may be sent by a single transmission point 106 which is selected to
serve the UE 104. Because a further exchanging of messages is not required to
complete the paging process, in some embodiments, the paging message may
also contain the data intended for the target UE 104.

[0023] In an example embodiment, the communications network 100 of
Figure 1 includes a plurality of transmission points (TPs) 106 and a cloud
processor or controller 108 in communication with the TPs 106. The TPs 106
communicate with a plurality of UEs 104. The TPs 106 may include any
component or network node capable of providing wireless access by establishing
uplink and/or downlink connections with the UEs 104, such as a base transceiver
station (BTS), a NodeB, an evolved NodeB (eNB), a femtocell node, a lower
power node, or other wirelessly enabled devices. The UEs 104 may include any
component capable of establishing a wireless connection with the TPs 106. In an
embodiment, the UE 104 can be a mobile phone, a sensor, a smart phone, a
tablet, a computer, a wireless transmit/receive unit (WTRU), or other wirelessly
enabled device. The TPs 106 may be connected to controller 108 via a backhaul
network (not shown). The backhaul network may be any component or
collection of components that allow data to be exchanged between the TPs 106
and the controller 108 and/or a remote end (not shown). In some embodiments,
the network 100 may include various other wireless devices, such as relays. The
controller 108 may be any type of data processing system capable of performing
the processes disclosed below and capable of communication with other devices.
In some embodiments, one of the TPs 106 may operate as the network
controller 108.

[0024] In the network 100, the TPs 106 are not associated with a
conventional cell. Rather, the controller 108 organizes the TPs 106 into logical

entities or hypercells 110. In one embodiment, each UE 104 is assigned to a
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hypercell 110 and is assigned a unique DCID. The UE 104 may move freely
within an area serviced by a single logical entity without acquiring a new DCID.
Each TP 106 monitors signal strengths for any UE 104 detectable by the TP 106
and sends this data to the controller 108. The controller 108 creates a logical
entity or determines the identity of a logical entity to be assigned to serve each
UE 104 according to the signal strengths measured by the TPs 106. This
determination can be performed dynamically in some embodiments. In some
examples, the controller 108 assigns a logical entity ID (also referred to as a
hypercell ID) to the logical entity for the hypercell 110 and assigns a DCID to
each UE 104.

[0025] In some examples, the controller 108 selects one of the TPs 106 in the
hypercell 110 to serve and provide network access to a UE 104. In an
embodiment, the controller 108 selects the TP 106 based on relative signal
strengths of the UE 104 at each of the TPs 106 in the logical entity 110, or the
loads of each TP 106 in the hypercell 110, or a combination of relative signal
strengths and loads. In other embodiments, other selection criteria can be used.
In an embodiment, the controller 108 dynamically reassigns a new TP 106 in the
hypercell 110 to serve the UE 104 based on changes to the signal strength of the
UE 104 at each TP 106 in the hypercell 110. The change in signal strength may
be due to UE mobility or to other factors. In an embodiment, the controller 108
can enable or disable one or more TPs 106 within a hypercell 110 to reach a
tradeoff between the service quality provided to all covered UEs 104 and energy
saving criteria. In an embodiment, the TPs 106 assigned to a hypercell 110 may
be changed dynamically by the controller 108 according to changes in network
conditions. In networks 100 which support coordinated multi-point (CoMP)
transmission, multiple TPs 106 in a hypercell 110 may operate jointly as a virtual
transmission point for a UE 104.

[0026] Figure 2 illustrates a hypercell coverage area associated with hypercell
110 (depicted with an outlined circle). In at least some example embodiments,
the TPs 106 (not shown in Figure 2) of hypercell 110 are associated with
different zones 200, with at least some TPs 106 that do not have common
coverage areas within a hypercell 110 being assigned to common zones. In this
regard, Figure 2 illustrates hypercell 110 divided into zones 1-7; each zone
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includes multiple TPs 106 that are located in geographically separated regions or
areas. Such a configuration can facilitate the reuse of resources in different

areas of hypercell 110.

[0027] In example embodiments, the network 100 is configured to support
different operating states for the UE 104, with each operating state supporting
different levels of UE functionality. In particular, in one example, the UE 104 is
configured to transition between two different states, namely an “active” state
and an energy economizing “ECO” or “standby” state. In example embodiments,
the active state includes the UE 104 performing operations to send, receive, or
send and receive data from the network 100 for one or more applications or
services supported by the UE 104. A reduced set of UE functionality is supported
in the standby state compared to the set of UE functionality supported in the
active state. In at least some example embodiments, network resources used to
support the UE 104 while it is operating in a standby state are less than the
resources required when the UE 104 is in an active state. In both states, at least
some degree of connectivity to the network 100 is supported. The UE 104
maintains an always-on connection to the wireless communications network 100,
and in particular the UE 104 stores and retains the assigned DCID during
different operating states including the standby state. As a result of retaining
the DCID, the UE 104 may perform a number of actions in a standby operating
state such as, but not limited to, receiving paging messages, receiving data, and
sending acknowledgements, as described below. The UE 104 may also perform
other actions to update location or synchronization information with the network
100. These actions permit the transition of the UE 104 from a standby operating
state to an active operating state without having to obtain a new DCID identifier.

[0028] The DCID for a UE 104 may be assigned during an initial access
procedure that is supported by UE 104 in the active state. In an example initial
access procedure, the UE 104 searches for a synchronization signal associated
with the logical entity for the hypercell 110; the UE 104 accesses the hypercell
110 of network 100 via a pre-defined default frame structure; the UE 104
obtains downlink (DL) synchronization via a sync channel; and the UE 104 uses
Physical Random Access Channel (PRACH) for initial access. The network
controller 108 authenticates the UE 104 and assigns a UE DCID. At the
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conclusion of the initial access procedure, the UE 104 is provided with a
hypercell ID, a UE DCID, and a UE-specific sequence that is associated with the
UE DCID (which may, for example, be a Zadoff-Chu sequence). In example
embodiments, for uplink communications, a UE 104 can be identified by the
network 100 based on the UE-specific sequence used by the UE 104 in an uplink
communications channel and the DCID which is associated with or related to that
UE- specific sequence. The DCID for the UE 104 may be used by multiple
signaling, control and data channels including, for example, a tracking channel
(TC) and a physical downlink control channel (PDCCH). Systems and methods
for initial access procedures and for UE connection and identification in the
network 100 are described in further detail in the applicant’s co-pending
application No. 62/141,483, filed April 1, 2015, and entitled System and Method
for a Tracking Channel, and co-pending application No. 62/213,450, filed
September 9, 2015, and entitled System and Method for Channel Security, both
of which are herein incorporated by reference.

[0029] In example embodiments, the DCID assigned to a UE 104 within the
hypercell 110 may contain multiple fields such as a zone identifier (zone ID), a
UE type, and a UE identifier (UE ID). An example of such a multi-field DCID
record 302 is illustrated in Figure 3. The UE type may identify or group the
device according to the type of device, the type of data or traffic associated with
the device, or both. For example, a stationary device which does not transmit or
receive a large amount of data may be designated as a sensor type of device.
The UE ID may consist of a number or other identifier assigned to or associated
with the UE 104 to identify the UE 104 in the hypercell 110. The zone ID
indicates the zone of the hypercell 110 to which the UE is assigned, as described
above. In example embodiments, the DCID includes both a zone ID and a
subzone ID as illustrated in Figure 3 by DCID record 304. The subzone ID may
be used to indicate a smaller geographical area and subset of TPs 106 within a

zone.

[0030] As noted above, once a UE 104 has initially accessed the network 100,
the UE 104 may enter a standby state. Periodically during the standby state,
the UE 104 may perform one or more tasks that require communication with the

network 100. In example embodiments, at least some of the standby
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communications use tracking channel network resources assigned to the UE 104.
In example embodiments, the UE 104 periodically transmits an identifying signal
while in its standby state, which contains or is associated with the DCID which
has been assigned to the UE 104. In some embodiments, the signal transmitted
by the UE 104 includes the UE-specific sequence (for example a Zadoff-Chu
sequence) which is associated with or related to the DCID, as described above,
and is transmitted using the tracking channel resources assigned to the UE 104.
The UE 104 may periodically transmit the signal to maintain or update
synchronization or power control within the network 100, maintain or update

authentication and security, or provide a status report to the network 100.

[0031] As a result, the network 100 may track the UE 104 even while the UE
104 is operating in its standby state and determine a serving TP 106 or a set of
serving TPs 106 which are capable of serving the UE 104. The network 100 also
may update a zone, a subzone, a type, or a combination of the zone, subzone
and type for the UE 104 and a new DCID may be assigned. A new DCID may
also be assigned to the UE 104 for security purposes either periodically or in
response to other triggers or conditions. The assigned DCID is retained by the
UE 104 during the standby operating state and during transitions between the
standby state and other operational states, including transitions between the
standby and active states. The DCID assigned to the UE 104 and the serving TP
106, or set of serving TPs 106, is also retained by the network 100 for as long as
the network 100 is able to continue tracking the UE 104, regardless of whether
the UE 104 remains in the active state. Thus, the UE 104 maintains the always-
on connection to the wireless communications network 100. Accordingly, in at
least some examples, the assigned DCID can be retained by the network 100
and the UE 104 for a period of time that includes at least one active state
duration and a subsequent standby state duration of the UE 104.

[0032] Examples will now be described of how paging messages for a UE 104
are processed according to example embodiments. In example embodiments,
paging messages are messages that can be sent to a UE 104 that is in a standby
state to notify the UE 104 that the network 100 has downlink data to transmit to
the UE 104. In some examples, the paging message includes network resource

allocation information that instructs the UE 104 to receive data using the
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allocated network resources, which may require the UE to transition from its
standby state to an active state. In some examples, the paging message
includes appended data that the UE 104 can receive using the same network

resources as the paging message without transitioning to an active state.

[0033] In this regard, Figure 4A is a signaling diagram that illustrates
methods for processing paging messages as performed by target UE 104, a
network node (TP 106) and network controller 108. In Figure 4A, UE 104 has
transitioned to a standby state. While in the standby state, as previously
discussed, UE 104 periodically sends an identifying signal (action 402) to a TP
106 of the network 100 using a tracking channel. In an example embodiment,
the identifying signal is a sequence that is associated with the DCID previously
assigned to the UE 104 by the network controller 108 during a prior active state
of the UE 104. After the TP 106 receives the identifying signal, the TP 106 sends
the network controller 108 a message that includes the indentifying signal (or
other information that identifies the UE 104) as well as information that
identifies the TP 106 and the network controller 108 uses this information to
track the location of the UE 104.

[0034] While in the standby state, UE 104 listens for paging messages from
the network 100 . In particular, the UE 104 periodically performs an operation
referred to herein as a listening occasion (LO) 416 during which the UE 104
monitors, for a predetermined duration, predetermined network resources
allocated to it for paging messages and other messages. The predetermined
network resources may, for example, include a time/ frequency allocation
associated with a tracking channel or other channel such as a dedicated paging
channel. One or more of the actions 402, 416 may be performed by the UE 104
at the same time, or at different times. Each of the actions 402, 416 may be
performed periodically with the same or different standby cycle time intervals
418.

[0035] In the example embodiment of Figure 4A, a paging sequence starts
when the network controller 108 receives an indication (action 405) that a data
source connected to the network 100 has data to send to the target UE 104. The
indication may include the DCID which has been assigned to the target UE 104,

or the network controller 108 may alternatively determine the DCID of the target
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UE 104 in some other way. Based on the periodic identifying signals that the
network 100 has been receiving from target UE 106, the network controller 108
tracks the current location of the UE 104 even while the UE 104 is in its standby
state, thus allowing the network controller 108 to determine a serving TP 106
(Action 324) for the target UE 104. The serving TP 106 is a TP 106 which has
been selected by the network 100 to send or receive data from the UE 104
based on various criteria such as, but not limited to, signal strengths and traffic
loads. The serving TP 106 for a particular UE 104 may be selected or
determined on a periodic basis either separate from, or as part of, the paging
method of Figure 4. In one embodiment, the serving TP 106 may be determined
based on the TP 106 with the best channel to the UE 104. The best channel may
be determined based on the relative signal strengths of the target UE 104 at
each of the TPs 106 in the logical entity 110 and/or the loads of each TP 106 in
the hypercell 110. In example embodiments, the serving TP may be a virtual
transmission point consisting of multiple TPs 106 in the network 100 which
operate jointly to transmit data to the target UE 104.

[0036] Once a serving TP 106 has been determined, the network controller
108 generates and sends a UE data notification message to the serving TP 106
(Action 410) instructing the serving TP 106 to send a paging message to the
target UE 104. In one example, the data notification message sent from the
network controller 108 to the serving TP 106 includes: the DCID for the target
UE 104; a wireless resource allocation (RA) or other scheduling information that
is to be used by the serving TP 106 to send data to the target UE 104; and the
data that is to be sent to the target UE 104 (or information that identifies the
data so that the TP 106 can retrieve the data). In an example embodiment the
network controller 108 starts a paging timer (action 412) for the paging process
when it sends the data notification.

[0037] The data notification may be sent from the network controller 108 to
the serving TP 106 through the backhaul network. If the serving TP 106 also
operates as the network controller 108, the data notification is provided from a
network controller function to a paging function within the serving TP 106. If the
network controller 108 is part of one TP 106 which is not the serving TP 106, the
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data notification for the target UE 104 may be sent from one TP 106 to the

second, serving TP 106.

[0038] Once the serving TP 106 receives the data notification (action 410)
the serving TP 106 generates and sends a corresponding paging message (action
414) addressed to the target UE 104. Figure 4B illustrates an example paging
message 450, which includes the DCID 302 of the target UE 104 and the
resource allocation (RA) 452 that is going to be used to send the data associated
with the paging message. The paging message 450 may be sent by the TP 106
(action 414) during paging intervals which coincide with the listening occasions
(LO) 416 of the target UE 104. In example embodiments, the paging interval
may be an integer multiple of the listening occasion interval of the target UE 104,
such that the paging interval coincides with at least one listening occasion for
the UE 104. The paging intervals and listening occasion intervals may be
predetermined for the network 100 and TPs 106 and configured for the UE 104

when the UE 104 initially accesses the network 100.

[0039] In the example paging message 450 shown in Figure 4A, the UE
identifying information includes the entire DCID. However, in some embodiments,
the paging message 450 may include only a portion of the DCID that contains
sufficient information to identify the target UE 104 within the hypercell 110.

[0040] After receiving the paging message 450, the UE 104 processes the
resource allocation information 450 that is included with the message to
determine what network resources will be used to transfer data that is
associated with the paging message, and then proceeds to receive the data,
which is sent by the serving TP 106 (action 420) using the specified network
resources. In some embodiments, the UE 104 may transition from the standby
state to the active state to receive the data from the network 100 in association
with the DCID. In one embodiment, the UE 104 only wakes up or operates
sufficiently to perform one or more of the above actions (402, 414, 420) but the
UE 104 does not necessarily transition from the standby state to the active state.

[0041] In example embodiments, the paging method of Figure 4A may
further include a data reception confirmation message (action 422) that is sent
from the target UE 104 to the serving TP 106 to confirm receipt of the paging
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message. The serving TP 106 may then confirm successful delivery of the
paging message to the network 100 by sending a confirmation notification to
the controller 108 (Action 424). Upon receipt of this confirmation notification,
the network controller 108 stops the paging timer (action 426) to end the paging

process.

[0042] Figure 5A illustrates another example method for processing a paging
message which is similar to that shown in Figure 4A and described above with
the exception of differences that will be apparent from the following description.
As illustrated in Figure 5A, other embodiments may be suitable for use when
only a small amount of data is intended for the target UE 104. Figure 5B
illustrates a paging message 550 for use in the method of Figure 5. Similar to
previously discussed paging message 450, the paging message 550 includes an
identifier for the target UE 104 (for example DCID 302). However, instead of
having resource allocation information, the paging message 550 includes the
actual downlink data 552. Accordingly, in the method of Figure 5A, the paging
message 550 sent by the TP 106 (action 510) includes the DCID (or shortened
identifier) of the target UE 104 together with the data 552 at the same time-
frequency (TF) resource. In some embodiments, such as for a short data packet
as illustrated in the example of Figure 5A, the paging message with data may be

received by the UE 104 while remaining in a standby state.

[0043] In some example embodiments, the network 100 is configured to
support both the paging method of Figure 4A and the paging method of Figure 5.
In such configurations, the network controller 108 may be configured to
determine, based on one or more criteria, whether the data for a paging
message is best sent using the same network resources as the paging message
(as in Figure 5) or using different network resources (as in Figure 4). Such
criteria could include, for example, the size of the data to be sent, the available

network resources, and the UE type.

[0044] As illustrated in Figures 4 and 5, a paging interval timer may be
started (action 412) in the network when a notification (action 410) is sent to a
serving TP 106. In one embodiment, the timer is maintained by the controller
108. If the timer expires before confirmation of delivery is received for the

paging message and data, further actions may be taken. In one embodiment,
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additional paging messages may be sent for the target UE 104 at subsequent
paging intervals. In some embodiments, the paging message includes a relay
flag and, after a failed paging attempt, the relay flag is turned on. The relay flag
provides an indication to the UEs 104, other than the target UE 104, that the
paging message should be relayed or retransmitted in the network 100. The
relay flag may be included with the notification provided by the network 100 to
the TP 106 and included with the paging message sent by the TP 106.

[0045] In this regard, Figures 6A and 6B illustrate paging methods in which
one UE1l 104 is used as an intermediate device to relay a paging message to a
second UE2 104. The methods of Figures 6A and 6B are similar to those
described above in respect of Figures 4 and 5 with the exception of differences
that will be apparent from the following description. In the example of Figure 6A,
network controller 108 has determined that a paging message is required to be
sent to UE2 104, but has determined that the last transmission hop for the
paging message will be a peer-to-peer relay from another user equipment device
to UE2 104. The network controller 18 may, for example, make the
determination that an intermediate relay is required as a result of a previously
failed attempt to send a paging message to target UE2 104. Alternatively, the
network controller 18 may make the determination without a previously failed
paging attempt based on prior information that the network is tracking in
respect of UE2 104. In an example embodiment, the network controller
determines, based on tracked information in respect of UE2 104, a suitable TP
106 to use to deliver the paging message, and then sends a paging notification
(action 610) to the TP 106. In an example embodiment, the paging notification
includes the DCID for the target UE2 104, an indication of the data that is to be
sent, resource allocation information for the data transfer if required, and a relay
indicator such as a flag that indicates that the paging message is to be relayed
by an intermediate device. Upon receiving the paging notification (action 610),
the serving TP 106 generates a paging message as indicated by reference 650 in
Figure 6A. The paging message 650 is similar to paging message 450 discussed
above in that it includes the DCID 302 of the target UE2 104 and resource
allocation information 442. However, the paging message 650 also includes a

relay indicator 652, which may for example be a binary flag, that is set to
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indicate that the paging message 652 is intended to be relayed by an
intermediate wireless communication device. The serving TP 106 then transmits
the paging message 650 (action 612) over wireless network 100. In an example
embodiment, paging message 650 is transmitted in a tracking channel or other
channel such as paging channel that devices other than UE2 104 have access to.

[0046] In the example of Figure 6A, a wireless device UE1 104 monitoring the
channel on which paging message 650 is sent receives the paging message 650
during a LO 416. After comparing the UE ID in the DCID 302 from the paging
message 650, and determining that this UE ID does not correspond to its own
UE ID, the UE1 104 checks the relay indicator 652. If this relay indicator 652 is
“on” and thus indicates that the paging message 650 should be relayed, the UE1
104 retransmits the paging message 650 (action 614) for possible receipt by the
target UE2 104. The paging message 650 may be received by the target UE2
104 during a LO 620 which occurs periodically during the standby cycle 622 of
the target UE2 104. UE1 104 may use the network tracking channel for sending
the paging message 650 or it may use a dedicated peer-to-peer channel.

[0047] Similar to the example paging method of Figure 4A, the paging
message 650 can include resource allocation information 442 that instructs the
target UE2 104 what resources will be used to transmit the data associated with
the paging message 650. In some example embodiments, the intermediate
device UE1 104 may also be used to relay such data; however in some
embodiments the target UE2 104 may receive the data directly from TP 106. In
some example embodiments, the paging message 650 itself includes data 552
(as in the example of Figure 5). The relay indicator 652 may thus be used to
increase the success rate in paging and delivering data to the target UE 104. In
some embodiments, the relay indicator may be turned on for the initial paging
of the target UE 104. In some embodiments, the relay indicator may be turned

on only after one or more attempts at paging the target UE 104 have failed.

[0048] In the example of Figure 6A, after receipt of the paging message 650
and data, the target UE2 104 sends a confirmation (action 624) to confirm
receipt of the paging message to the intermediate UE1 104. The UE1l in turn
sends a confirmation (action 626) to confirm receipt to serving TP 106. The TP

106 then sends a confirmation (action 628) to the network 100 to confirm
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successful delivery of the data and paging message, after which the timer may
be stopped (action 426). In other embodiments, as illustrated in Figure 6B, the
target UE2 sends a confirmation 640 directly to the TP 106 to confirm receipt.

[0049] In some embodiments, before relaying the paging message for the
target UE2 104, the intermediate UE1 104 may determine whether the DCID 302
in the paging message 650 has the same zone, or the same zone and subzone,
as UE1 104. If the zone or zone and subzone are the same, and the relay
indicator is on, the UE1l retransmits the paging message 650. However, if the
zone or zone and subzone do not match, or the relay indicator is off, UE1 104
ignores the message. In a further embodiment, the UE1 may determine
whether to retransmit the paging message based on differences between the UE
ID for the UE1 and the UE ID for the target UE2. In an example embodiment,
the UE IDs which are assigned to the UEs 104 are configured so that a binary
distance between the UE ID numbers indicates, e.g. is proportional to, a
geographical or physical distance between the UEs 104. Thus, if UE1 and UE2
are stationary devices, such as sensor devices, the assigned UE IDs may
represent a geographical distance between the UEs. The UE IDs may also be
configured in this manner for UEs 104 which are stationary or moving within a
small area, such as the mobile devices of users attending a concert or event.
After the UE1 compares the UE ID in the DCID from the paging message
intended for UE2, the UE1 may determine whether to relay the message based
on the differences in the UE IDs. In one example, small differences in the UE
IDs may indicate that there is a small relative distance between the UE1 and
UE2. Based on this small difference and the relay flag being turned on, the UE1
relays or retransmits the paging message for a further chance of receipt by the
UE2. In one embodiment, the differences in the UE IDs are compared to a
predetermined threshold difference configured for or transmitted to the UELl. If
the differences are below the threshold, and the relay flag is turned on, the first

device UE1 relays or retransmits the paging message.

[0050] In any of the embodiments described above, it will be appreciated that
the paging message may include information which is concatenated for multiple
target UEs 104. The paging message may be concatenated for multiple target

UEs 104 in a particular zone, as illustrated in Figure 7. The paging message
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may include the zone ID along with the type, UE ID and resource allocation or
data for each target UE 104, 1 to n. The paging message may include a relay
flag, as described above, which is determined and turned on or off independently
for each target UE 104. As shown in Figure 7, the relay flag may be on for only
selected UEs. Alternatively, the paging message may include one relay flag (not

shown) for all target UEs 104 included within the paging message.

[0051] Figure 8 illustrates a device 800 adapted to execute embodiments
described herein. The device 800 may be a network-side device such as, but not
limited to, a TP 106, controller 108, base station, relay-station, or the like. The
device 800 may be a user-side device such as, but not limited to, a user
equipment (UE) 104. The device 800 may include one or more processing
devices 802, such as a processor, a microprocessor, an application-specific
integrated circuit (ASIC), a field-programmable gate array (FPGA), a dedicated
logic circuitry, or combinations thereof. The device 800 may also include a
memory 804, which may include a volatile or non-volatile memory (e.g., a flash
memory, a random access memory (RAM), and/or a read-only memory (ROM)).
The memory 804 may consist of a transitory computer readable media such as a
RAM, a ROM, an erasable programmable ROM (EPROM), an electrically erasable
programmable ROM (EEPROM), a flash memory, a CD-ROM, or other portable
memory storage. The memory 804 may store instructions for execution by the
processing device(s) 802, such as to carry out the present disclosure. The
memory 804 may include other software instructions, such as for implementing
an operating system and other applications/functions. In one embodiment, the
device 800 may include a user interface 808 which may include various
inputs/outputs 810 such as a display, keypads, buttons, speaker, microphones

or other inputs or outputs.

[0052] The device 800 may include one or more network interfaces 820 for
sending and receiving data over the network 100. The network interface(s) 820
may include a transmitter 822, a receiver 824 and any component or collection
of components that allow the device 800 to interact and/or communicate with
another device, component, or entity. In one embodiment, the device 800 is a
network-side device, such as the network controller 108. The network interface

820 may include a wired backhaul interface that allows the network controller
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108 to communicate with other network-side devices, e.g., transmission points,
access points, gateways, and other network controllers 108. In one embodiment,
the device 800 is a network-side device, such as the TP 106. The network
interface 820 may include a wired backhaul interface that allows the TP 106 to
communicate with other network-side devices, e.g., neighboring transmission
points, access points, controllers, gateways, etc. The network interface 820
includes a wireless communications interface to support communications with
UEs 104. In some embodiments, the device 800 is configured to operate as both
a network controller 108 and as a TP 106. In another embodiment, the device
800 is a user-side device such as the UE 104. The network interface 820 allows a
user or a second user device to interact and/or communicate wirelessly with the
UE 104.

[0053] It will be appreciated that the functions of the network interface 820
and wireless communications interface may be carried out by different
transceiver or modem components including multiple transmitter, receiver and
antenna components or arrays. The one or more network interfaces 820 may be
configured for wired or wireless communication with a network, such as but not
limited to, an intranet, the Internet, a peer to peer (P2P) network, a wide area
network (WAN), local area network (LAN) and/or a mobile communications
network such as a 5G, 4G LTE or other network as noted above. The network
interface(s) 820 may include wired links (e.g., Ethernet cable) and/or wireless
links (e.g., one or more antennas) for intra-network and/or inter-network

communications.

[0054] The device 800 may be configured to communicate in accordance with
a standard wireless telecommunication protocol. In some embodiments, the
device 800 communicates in accordance with a long-term evolution (LTE)
protocol. In other embodiments, the device 800 communicates in accordance
with another protocol, such as a Wi-Fi protocol defined by Institute of Electrical
and Electronics Engineers (IEEE) technical standard 802.11-2012 or 802.11ac-
2013.

[0055] Although the present disclosure describes methods and processes with
steps in a certain order, one or more steps of the methods and processes may

be omitted or altered as appropriate. One or more steps may take place in an
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order other than that in which they are described, or simultaneously, as

appropriate.

[0056] Through the descriptions of the preceding embodiments, the present
invention may be implemented by using hardware only, or by using software and
a necessary universal hardware platform, or by a combination of hardware and
software. Based on such understandings, the technical solution of the present
invention may be embodied in the form of a software product. The software
product may be stored in a non-volatile or non-transitory storage medium, which
can be a compact disk read-only memory (CD-ROM), USB flash drive, or a hard
disk. The software product includes a number of instructions that enable a
computer device (personal computer, server, or network device) to execute the

methods provided in the embodiments of the present invention.

[0057] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions
and alterations can be made herein without departing from the invention as
defined by the appended claims.

[0058] Moreover, the scope of the present application is not intended to be
limited to the particular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in the specification.
As one of ordinary skill in the art will readily appreciate from the disclosure of
the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized
according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

1. A paging method in a wireless network for a target device that is enabled
to transition between an active state and a standby state, comprising:

tracking a location of a target device within the network while the target
device is in the standby state based on a periodic identifying signal from the
target device;

determining a serving transmission point for the target device based on
the tracking; and

instructing the serving transmission point to transmit a paging message to
the target device.

2. The method of claim 1 wherein the identifying signal is associated with a
connection identifier for the target device that is maintained in the standby state
of the target device from a previous active state.

3. The method of claim 2 wherein the connection identifier is included in the

paging message.

4, The method of any of claims 2 to 3 comprising:

instructing the serving transmission point to resend the paging message
with a relay indicator upon determining that the target device failed to receive
the paging message, the relay indicator indicating that the paging message
should be retransmitted upon receipt by a device other than the target device.

5. The method of any of claims 2 to 4 wherein the connection identifier
uniquely associates the target device with a logical entity consisting of one or
more transmission points, the one or more transmission points including the

serving transmission point.
6. The method of any of claims 1 to 5 wherein the serving transmission point

comprises multiple transmission points operating jointly as a virtual transmission

point.
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7. The method of any of claims 1 to 6 comprising:

receiving, by the serving transmission point, instructions to send the
paging message to the target device, the instructions including a connection
identifier assigned to the target device

transmitting, by the serving transmission point, the paging message
including the connection identifier, while the target device is in the standby state,
the connection identifier having been retained for the target device from at least

a previous active state of the target device.

8. The method of claim 7 further comprising transmitting, by the serving
transmission point, the paging message periodically at predetermined paging
intervals, wherein the predetermined paging intervals coincide in time with one
or more predetermined listening occasions for the target device, the listening
occasion comprising an interval during which the target device is configured to

listen for paging messages while in the standby state.

9. The method of any of claims 7 to 8 wherein the paging message further
comprises a resource allocation, and wherein the method further comprises the
serving transmission point transmitting data for the target device on the

allocated resource.

10. The method of any of claims 7 to 9 wherein the paging message further

comprises data for the target device.

11. A network controller comprising:

a communications interface;

a processor; and

one or more non-transitory computer readable media having computer
readable instructions stored thereon for transmitting and receiving data through
the communications interface, the instructions, when executed by the processor,
directing the network controller to:

track a location of a target device within a wireless network while the
target device is in the standby state based on a periodic identifying signal from

the target device;
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determine a serving transmission point for the target device based on the
tracked location; and
instruct the serving transmission point to transmit a paging message

through the wireless network to the target device.

12. The network controller of claim 11 wherein the identifying signal is
associated with a connection identifier for the target device that is maintained

into the standby state of the target device from a previous active state.

13. The network controller of claim 12 wherein the instructions, when
executed by the processor, further direct the network controller to assign the
connection identifier to the target device, the connection identifier uniquely
associating the target device with a logical entity consisting of one or more
transmission points, the one or more transmission points including the serving

transmission point.

14. The network controller of any of claims 11 to 13 in combination with the
serving transmission point, wherein the serving transmission point comprises:
a transmission point communications interface;
a transmission point processor; and
one or more non-transitory computer readable media having computer
readable instructions stored thereon for transmitting and receiving data
through the transmission point communications interface, the instructions,
when executed by the transmission point processor, direct the
transmission point to:
receive instructions to send the paging message to the target
device, the instructions including a connection identifier assigned to the
target device; and
transmit the paging message including the connection identifier to
the target device while the target device is in the standby state, the
connection identifier having been retained for the target device from at
least a previous active state of the target device.
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15.  The network controller of any of claims 11 to 14 in combination with the
serving transmission point, wherein the paging message further comprises a
resource allocation, and transmission point is configured to transmit data for the

target device on the allocated resource.

16. A method performed by a device in a wireless communications network,
the method comprising:

receiving and storing a device connection identifier while in an active state;

transitioning to a standby state;

periodically monitoring, while in the standby state, the wireless
communications network for paging messages that include the device connection

identifier.

17. The method of claim 16 wherein the method further comprises receiving
data associated with paging messages that include the device connection
identifier.

18. The method of claim 17 further comprising transmitting confirmation of
receipt of the paging message and data, wherein receiving the data and
transmitting the confirmation of receipt are performed by the device in the

standby operating state.

19. The method of any of claims 16 to 18 further comprising:
periodically monitoring the wireless communications network for paging
messages that include a relay indicator, and retransmitting received paging

message based on the relay indicator.

20. The method of claim 19 wherein a received paging message that includes
the relay indicator also includes a target device identifier that specifies one or
more of a target device zone and a target device type, and wherein
retransmitting the received paging message is further based on one or more of
the target device zone and a target device type.
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21.  The method of any of claims 17 to 20 wherein the device connection
identifier is associated with a relative geographic location, and wherein a
received paging message that includes the relay indicator also includes a
connection identifier for a target device that is associated with the relative
geographic location, and retransmitting the paging message is further based on

a physical distance between the device and the target device.

22. A wireless device comprising:

a communications interface;
a processor; and
one or more non-transitory computer readable media having computer
readable instructions stored thereon for transmitting and receiving data
through the communications interface, the instructions, when executed by
the processor, direct the wireless device to:

receive and store a device connection identifier while in an active
state;

transition to a standby state; and

periodically monitor, while in the standby state, the wireless

communications network for paging messages that include the

device connection identifier.

23. The wireless device of claim 22 wherein the instructions, when executed
by the processor, further direct the wireless device to receive data associated

with paging messages that include the device connection identifier.

24. The wireless device of claim 23 wherein the instructions, when executed
by the processor, further direct the wireless device to transmit confirmation of
receipt of the paging message and data, wherein the actions to receive the data
and transmit the confirmation of receipt are performed by the wireless device in
the standby operating state.

25. The wireless device of any of claims 22 to 24 wherein the paging message
further comprises a relay indicator, and wherein the instructions, when executed

by the processor, further direct the wireless device to retransmit periodically
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monitor the wireless communications network for paging messages that include
a relay indicator and retransmit received paging message based on the relay

indicator.

26. The wireless device of claim 25 wherein a received paging message that
includes the relay indicator also includes a target device identifier that specifies
one or more of a target device zone and a target device type, and wherein the
instructions, when executed by the processor, further direct the wireless device
to retransmit the received paging message based on one or more of the target

device zone and a target device type.

27. The wireless device of claim 25 wherein the device connection
identifier is associated with a relative geographic location, and wherein a
received paging message that includes the relay indicator also includes a
connection identifier for a target device that is associated with the relative
geographic location, and the instructions, when executed by the processor,
further direct the wireless device to retransmit the paging message based on
based on a physical distance between the wireless device and the target device.
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