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Paging and Tracking a Wireless Communication Device

Technical Field

The present invention relates to a wireless communication
device adapted to employing a paging and/or tracking mode
determined based on a motion state of the wireless
communication device, to a network entity adapted to
determining a paging and/or tracking mode for the wireless
communication device based on the motion state of the
wireless communication device, and a method for paging and/or
tracking a wireless communication device.

Background

Paging and tracking are important procedures to operate a
network. That is, in order to provide services to the
wireless communication device, the network needs to know the
location of a wireless communication device such as a mobile
terminal, user equipment or the like.

During the tracking and paging procedures the wireless
communication devices periodically activate in order to
determine a tracking area and to receive a paging message.
Paging is for instance used for network initiated connection
set up. For instance, when the wireless communication device
is in an idle state, e.g. Radio Resource Control RRC-idle
state for Long Term Evolution LTE, the wireless communication
device camps and monitors for instance the L1/L2 control

signaling for paging messages.

Typically paging is carried out on a paging c¢ycle wherein the
wireless communication device is not monitoring any channels
for paging messages and only wakes up for a limited amount of

time in the paging cycle in order to accept paging messages.
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The so-called on-duration where the wireless communication
device is awaiting a paging message, defines the amount of
resources used for paging on the side of the wireless
communication device. The overall paging cycle, i.e. the
repetition frequency of the on-duration, is for instance for
LTE set to a maximum of 2.5 seconds. It is the aim for future
applications or future networks to increase the paging cycles
for instance up to 24 hours for specific applications. This
would lead to lowering the use of resources, i.e. lowering

enexgy consumption of the wireless communication device.

On the network side, the sexrvice area is divided in tracking
areas for locating a wireless communication device. In order
to provide respective services to the wireless communication
device the network tracks the wireless communication device
using the paging procedure. Typically a tracking area
configuration for the wireless communication device is
controlled by a network entity such as a mobility management
entity, MME. That isg, since the location of the wireless
communication device is typically not known to the network,
the paging procedure uses the paging message transmitted
across several cells in one or more tracking areas. When the
wireless communication device periodically wakes up according
to the paging procedure and determines which tracking area it
is currently located in, the wireless communication device
subsequently notifies the network and/or the network entity
about its current location. For instance in case the tracking
area is not in a predefined allowed tracking area list, the
wireless communication device initiates a location area
update procedure in order to inform the network of its
current location.

The wireless communication device can be configured with a
list of tracking areas it can move in-between, while in idle
mode. This subsequently reduces the number of location area

updates the wireless communication device has to perform.
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Typically the paging procedure includes performing paging in
a smaller area, e.g. one cell up to several cells, and
subsequently, if the wireless communication device is not
found in the small area, the network performs paging the
wireless communication device in a larger area, e.g. all
cells in the tracking area list.

SUMMARY

That is the more paging messages the network has to send in
order to locate the wireless communication device, the more
resources are used on the network side.

Therefore there is the need to reduce the resources used for
paging and tracking a mobile communication device connected
tc a network, in particular for the mobile communication
device as well as the network.

The above-mentioned problems and drawbacks of the
conventional methods are solved by the subject matter of the
independent claimg. Further preferred embodiments are
described in the dependent claims.

According to an aspect of the present invention there is
provided a wireless communication device adapted to
communicate with a network entity of a wireless communication
network, and further adapted to evaluate, in the wireless
communication device, a condition that indicates an in-motion
or stationary state of the wireless communication device; and
to transmit information for adapting a paging and/or tracking
mode in the network, the information indicating the in-motion
or stationary state of the wireless communication device
towards the communication network.

According to another aspect of the present invention, there
is provided a network entity coupled to a wireless

communication network adapted to receive data from a wireless
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communication device, the network entity comprising
processing resources being configured to receive, from a
wireless communication device, information for adapting a
paging and/or tracking mode in the network indicating an in-
motion or stationary state of said wireless communication
device; determining a paging and/or tracking mode for the
wireless communication device based on the information

indicating the in-motion or stationary state of the wireless
communication device.

According to another aspect of the present invention, there
is provided a network system comprising a wireless
communication device according to an embodiment of the
present invention and a network entity according to an

embodiment of the present invention.

According to another aspect of the present invention there is
provided a method for paging and/or tracking a wireless
communication device of a wireless communication network
comprising the steps of evaluating, in the wireless
communication device, a condition that indicates an in-motion
or stationary state of the wireless communication device;
transmitting information for adapting a paging and/or
tracking mode from the wireless communication device towards
the communication network, the information indicating the in-
motion or stationary state of the wireless communication
device; receiving from the wireless communication device the
information indicating an in-motion or stationary state;
determining a paging and/or tracking mode for the wireless
communication device based on the received information; and
transmitting instructions towards the wireless communication

device to use said determined paging and/or tracking mode.

According to another aspect of the present invention a
computer program is provided that comprises code, the code,

when executed on processing resources, instructs the
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processing resources to perform a method embodiment of the
present invention.

According to yet another aspect of the present invention a
computer program product is provided that stores a code the,
the code when executed on processing resources, instructs the

processing resources to perform a method of the embodiment of
the present invention.

Brief Description of the Drawings

Embodiments of the present invention which are presented for
a better understanding of the inventive concepts but which
are not to be seen as limiting the invention will now be
described with reference to the figures in which:

Figure 1 shows a schematic overview of an exemplary network
environment in which a wireless communication
device is paged and tracked according to an
embodiment of the invention;

Figure 2 shows an exemplary wireless communication device
according to one embodiment of the present

invention;

Figure 3 shows a general entity embodiment according to the
present invention for performing paging and

tracking of a wireless communication device;

Figure 4 shows a schematic overview of a method performing
paging and tracking of a communication device
according to one embodiment of the present
invention;

Figure 5 shows an exemplary paging configuration according
to one embodiment of the present invention;



WO 2017/162300 PCT/EP2016/056625

6

Figure 6 shows a configuration of cells including an allowed
tracking area list according to one embodiment of
the present invention;

Figure 7 shows another configuration of cells including a

reduced allowed tracking area list;
Figure 8 shows selecting a tracking area at different steps
of a paging procedure according to one embodiment

of the present invention;

Figure 9 shows an exemplary embodiment of the present

invention.

Detailed Description

Figure 1 shows a schematic overview of an exemplary network
environment in which paging and/or tracking of a wireless
communication device is performed according to one embodiment
of the invention. A network 100, for instance a mobile or
wireless communication network, includes a number of network
elements 101-103 such as network nodes, routers, gateways,
switches, switching centers, base stations, wireless or wire
bound links, and the like. In general, the purpose of the
network 100 will be to provide a network 100 service to a
plurality of wireless cowmunication devices 10 such as mobile
terminals, user equipment, and the like. Such services
include telephone, video telephone, chatting, Internet
browsing, email access and the like. For this purpose the
network elements 101-103 will convey data via base stations
120 to and from the plurality of wireless communication
devices 10. The base stations 120 may be connected to the
individual wireless communication devices 10 via usual radio
links for transmitting and receiving data to and from a
wireless communication device 10. The network 100 may further
have a connection to some sort of network entity 110, such as

a server or a resource in a data center.
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In order to perform paging and/or tracking of a wireless
communication device the network needs to know where the
wireless communication device 10 is located. The present
embodiment provides a network environment that is configured
such that paging and tracking of the wireless communication
device 10 may be carried out with the use of fewer resources
than in a conventional method, as explained in greater detail
below.

Generally, in one embodiment of the present invention the
wireless communication device 10 may be connected to
different network elements 101-103 and base stations 120 in
the usual manner. During tracking and paging procedures a
wireless communication device 10 is periodically active in
order to determine a tracking area 20 it is currently
positioned in and to receive a paging message. A paging cycle
includes a period without transmission of control signals for
paging and tracking the wireless communication device such as
a discontinuous transmission period, DTX.

In other words paging is a procedure that may be used for
network initiated connection setup e.g. when the UE is in an
RRC_IDLE state in case of LTE. In LTE, the UE camps on a
selected cell and monitors the L1/L2 control signaling for
paging megsages.

In other words a paging cycle may be defined, allowing the
wireless communication device to sleep most of the time and
only briefly wake up to monitor for instance the L1/L2
control signaling. The maximum and maybe most power efficient
paging cycle in LTE may be 2.56 seconds. Future networks may
support even longer paging cycles e.q. 24 hours for machine
type communication, M-MTC, applications.
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In one embodiment of the present invention the on-duration
may be divided into several parts, e.g. an on-duration for
tracking area determination and an on-duration for paging
reception.

The wireless communication device 10 may be located in a
tracking area 20 and connected to a base station 120 of the
network 100 which is eventually connected to a network entity
110. During the on-duration of a paging cycle the wireless
communication device 10 may receive a paging message via the
base station 120 transmitted from the network entity 110
through the network 100. If no paging message is received
while the wireless communication device 10 stays within that
tracking area 20, the wireless communication device 10 goes
back to sleep in order to wake up again in the next paging
cycle.

In other words in one embodiment of the invention, the
wireless communication device may seldom be configured with
the maximum possible paging cycle since the cost for paging
the wireless communication device becomes high. This may be
inefficient since the energy consumption by the wireless
communication device is inversely proportional to the paging
cycle.

If the wireless communication device 10 is not in the
tracking area 20, it carries out a procedure to connect to
the network 100 and inform the network 100 about its current
location.

That 1s, while the wireless communication device 10 is in an
active state, i.e. communicating or connected to the bage
station 120 (e.g. RRC-connected state), its location is known
to the network 100 at a cell level, i.e. on a cell grid.
However, while the wireless communication device 10 ie in
idle state, that is not communicating (e.g. RRC-idle state),

its location is known to the network 100 on a tracking area
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level, i.e. down to a tracking area 20, instead of a cell
level. In one embodiment an operator may define a group of
neighbouring base stations as a tracking area 20. Said
grouping may be typically performed at an initial deployment
of the network 100 wherein each base station 120 is
configured with its own tracking area 20. In one embodiment a
tracking area 20 can be made up of cells or base stations
120.

If there is data traffic heading from the network to the
wireless communication device, for instance a text message to
the wireless communication device, the network has to wake up
the wireless communication device in order to receive data.
This “wake up”, i.e. paging, is performed in a respective
tracking area 20. The network 100 considers the wireless
communication device 10 to be located in a specific tracking
area 20. When the network 100 has to page the wireless
communication device 10, it sends a paging message to every
bage station 120 associated with the tracking area 20.
Subsequently each base station 120 broadcasts the paging
message over a radio link in order to page, i.e. wake up, the
wireless communication device 10. The wireless communication
device 10 in idle state wakes up at the on-duration of a
paging cycle in order to check for a paging message to see if
there is any incoming data. In case the wireless
communication device 10 finds a paging message from the base
station 120, it turns back to active state in order to
receive data.

In other words the tracking area configuration in the
wireless communication device may be controlled by the MME.
Since the wireless communication device location may
typically not known, the paging message may be transmitted
across several cells in one or more tracking areas. The
wireless communication device periodically may wake up and
determines which tracking area that it is currently located

in and in case the tracking area is not in the allowed
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tracking area list the wireless communication device may
initiate a location area update procedure in order to inform
the network of its current location.

In other words a wireless communication device can be
configured with a list of tracking areas that it can move
between in idle mode. This may reduce the number of location
area updates the wireless communication device 10 has to
perform.

In one embodiment paging may be done first in a smaller area,
e.g. one of a few cells, and if the UE is not found there the
network may page the wireless communication device 10 in a

larger area, e.g. all cells in the tracking area list.

In other words during the tracking and paging operation the
wireless communication device may periodically activate in
order to determine the tracking area and to receive paging
messages. In Figure 5 this is exemplified with a paging cycle
and an on-duration interval. In some implementations the on-
duration interval may be divided into different parts e.q.
one on-duration for tracking area determination and another

on-duration for paging reception.

The network 100 may have to have updated location information
about the wireless communication devices 10 in idle state in
order to find out which tracking area 20 a particular
wireless communication device 10 is located in. The wireless
communication device 10 may notify the network 100 or the
network entity 110 of its current location by sending a
message such as a tracking area update message every time it
moves between tracking areas.

That is, a wireless communication device 10 may obtain a
tracking area list when it connects to a network 100. This
list shows tracking areas 20 the network 100 assumes the

wireless communication device 10 is located in and within
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which a wireless communication device 10 can travel without

the need for a tracking area update message.

That is, the wireless communication device 10 may not have to
send a message to the network or the network entity 110 as
long as it stays in a tracking area included in the tracking
area list. However, wireless communication device 10 may have
to send a message to the network 100 or the network entity
110 when it moves to a new tracking area not included in the
list. Subsequently the network entity 110 provides the
wireless communication device 10 with a new tracking area
list reflecting the latest move of the wireless communication
device 10 to a new tracking area 20.

In order to enable low energy consumption at the wireless
communication device 10 it is desirable to keep the on-
duration relatively short and the waiting period
comparatively long. This may for instance enable the wireless
communication device to stay as long as possible in a low
energy consuming sleep state.

That is, during the on-duration the wireless communication
device may read the tracking area and may determine if it is
in the allowed tracking area list. If it is the wireless
communication device may listen for a paging message. If no
paging message is received the wireless communication device
may go back to sleep again. If the determined tracking area
is not in the allowed tracking area list the UE performs a
location area update i.e. it performs a random access
connection to the network and informs the network about its

new location before going back to sleep again.

In other words in one embodiment of the invention to enable
low energy consumption the “on-duration” may be as short as
possible and the “DTX” may be as large as possible. This may
enable the wireless communication device to stay as much as

possible in a low energy consuming sleep state.
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In order to enable efficient network paging the waiting
period, i.e. the discontinuous transmission (DTX), should be
short in order for the wireless communication device 10 to be
paged quickly whenever needed. Further, the on-duration
should be long in order to enable the network to rage the
wireless communication device 10 multiple times. This may for
instance enable initially paging the wireless communication
device only in the cell where it was active in the past, and
may suppress the need to send out a paging message over the
tracking areas in the entire tracking area list.

In order to use less resource during paging and tracking of a
wireless communication device both the requirements on the
wireless communication device side and the network side may
need to be met. That is, for instance the wireless
communication device may reduce its energy consumption and at
the same time a more efficient network paging may be
employed.

In other words in one embodiment of the invention, in order
to find the wireless communication device the network may
send out a paging message over the whole tracking area list
that the wireless communication device is configured with. In
other words assuming that the wireless communication device
is configured with an allowed tracking area list consisting
only of tracking area, the network then may send out a paging
message in all cells belonging to that tracking area, see for
instance Figure 6.

That is, the invention may enable the network to quickly find
the wireless communication device. Furthermore the on-
duration in the wireless communication device may be short
since the network may only need one single paging attempt to
find the wireless communication device. The drawback may be
that this requires a large number of paging messages to be
transmitted.
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In other words in one embodiment of the invention, paging the
wireless communication device in all cells in the allowed
tracking area list may enable fast paging and short on-

duration, but may require many paging messages.

Therefore, the wireless communication device 10 according to
the present invention is adapted to communicate with the
network entity 110 for instance through a base station 120
via network 100. The wireless communication device 10
evaluates locally, i.e. in the wireless communication device,
a condition that indicates an in-motion or stationary state
of the wireless communication device.

In one embodiment of the presgent invention the wireless
communication device 10 comprises a sensor unit 1lla. The
sensor unit lla is configured such that a signal is output
indicating the motion state of the wireless communication
device 10. In particular, the motion state may be a state
where the wireless communication device is in-motion or
stationary. In particular, the wireless communication device
10 may use the sensor unit to evaluate a condition indicating
a motion state of the wireless communication device by
comparing the value of the signal to a predetermined value.
In one embodiment of the present invention the predetermined
value may be a fixed value or may be a previous reading of
the sensor unit 1la, that is a change of the measurement

value taken by the sensor unit may be determined.

That is, the wireless communication device may be provided
with one or more means to determine said condition, i.e. a
sensor unit such as a motion sensor, a gyroscope, a
temperature sensor, a light sensor, an air pressure sensor,
an ignition sensor, a mechanical sensor, and a charging
current sensor. The wireless communication device may use one
or more of such a sensor unit lla in order to determine a
condition indicating a motion state of the wireless
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communication device. In other words the wireless
communication device 10 is capable of determining whether it
is in motion or stationary.

In other words in one embodiment of the invention wireless
communication device sensors, e.g. gyroscope, ignition
switch, pressure sensor, thermometer, etc., may be utilized
to configure and control the paging and tracking behavior of
the wireless communication device. For instance Smartphones
may be equipped with gyroscopes already today, and in the
future even more sensors may be integrated, both in devices
for human-centric communication but alsoc in machine-type
communication devices. In one embodiment of the invention,
the invention may be applied to connected vehicles, where the
ignition switch could be utilized as indicator for paging re-
configuration. It is possible to employ the present invention
to sensors (such as measurement devices) and or actuators
(such as valves etc.).

In one embodiment of the present invention the sensor unit
lla is a motion sensor which is capable of detecting a motion
state of the wireless communication device. That is, the
sensor unit lla may use radio means such as a radio link to a
base station 120 or any other radio signal provided such as a
global positioning system, GPS, signal to determine the
motion state of the wireless communication device.

In another embodiment of the present invention, the sensor
unit lla may use non-radio means in order to determine the
in-motion or stationary state of the wireless communication
device 10. For instance, the wireless communication device 10
may use means to determine acceleration such as a gyroscope.
This way, in case the wireless communication device 10 is in
the hand of a user while walking the gyroscope is capable of
determining the acceleration associated with the motion.

Subsequently a condition can be determined indicating an in-
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motion or stationary state of the wireless communication
device 10.

In yet another embodiment of the present invention the sensor
unit llia may be a temperature sensor using means to detect a
temperature or a change in temperature. This way the sensor
unit 1la is capable of determining whether the wireless
communication device 10 is placed in the hand of a user or on
an object such as a table. That is the sensor unit may be
capable of determining whether the wireless communication
device 10 is picked up by a user or placed stationary for
instance on a desk. This way, the sensor unit is capable of
determining a condition indicating an in-motion or stationary
state of the wireless communication device 10.

In another embodiment of the present invention the sensor
unit is a light sensor using means detecting an overall light
intensity and/or a light intensity change. That is, the
sensor unit lla is capable of determining whether the
wireless communication device 10 is placed in a dark room for
instance in a bedroom while the user may be asleep. This way
the sensor unit 1lla is capable of determining a motion state,
in particular a stationary state of the wireless

communication device 10.

In another embodiment of the present invention the sensor
unit lla may be an air pressure sensor using means to detect
an overall pressure or a pressure change in the environment
surrounding the wireless communication device 10. This way
the sensor unit 1la is capable of determining a condition
indicating a motion state of the wireless communication
device.

Further yet according to another embodiment of the present
invention the sensor unit 1lla may be an ignition sensor using
means to detect the ignition state of a vehicle such as a car
{not shown). That is, for instance if the wireless



WO 2017/162300 PCT/EP2016/056625

16

communication device is mounted in a vehicle or is connected
to a vehicle the wireless communication device 10 may
determine the on/off ignition state of the vehicle in order
Lo determine whether the vehicle is in an on state and
potentially moving. If the ignition is in an off state, the
sensor unit llia is capable of determining a condition, i.e.
the off state of the ignition, indicating a stationary state
of the wireless communication device.

In another embodiment of the present invention the sensor
unit lla may be a mechanical sensor using mechanical means in
order to determine said condition. That is for instance the
mechanical sensor may use sensors to detect that the wireless
communication device is placed in a docking station. That is
mechanical pressure sensors in or around the wireless
communication device may be used to determine the position in
the docking station, i.e. a condition, indicating a

stationary state of the wireless communication device.

In yet another embodiment of the present invention the sensor
unit lla may be a charging current sensor using means to
detect a charging current used to recharge a battery (not
shown) of the wireless communication device 10. This way the
sensor unit lla is capable of determining a charging state of
the wireless communication device 10, i.e. a condition
indicating a stationary state of the wireless communication
device 10.

In another embodiment of the present invention, the sensor
unit 1la may output a signal indicating the motion state of
the wireless communication device 10 or indicating a
likelihood of the motion state of the wireless communication
device 10. That is, the wireless communication device 10 may
be adapted to use a sensor unit 1la outputting for instance a
specific value for an in-motion state and another value for a
stationary state, or maybe adapted to use a sensor unit 1la

giving out a continucus or discrete signal indicating whether
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it is more likely or less likely for the wireless
communication device 10 to be either in an in-motion or a
stationary state.

According to the present invention the wireless communication
device 10 is further adapted to transmit information for
adapting a paging and/or tracking mode in the network,
wherein the information indicates the in-motion or stationary
state of the wireless communication device 10, towards the
communication network. That is the wireless communication
device 10 is provided with transmitting means 12 to transmit
information indicating the motion state of the wireless
communication device to the network. For instance the
wireless communication device 10 may use transmitting means
12 for instance being part of communication means 10 of the
wireless communication device 10 to transmit a signal
indicating the information about the motion state of the
wireless communication device 10 to the base station 120 and

subsequently via the network 100 to the network entity 110.

In one embodiment of the present invention the wireless
communication device may be adapted to receiving instructions
Lo use a paging and/or tracking mode determined by network
entity based on the information indicating the in-motion or
the stationary state.

That is, the network entity 110 may use communication means
to receive a signal indicating the motion state of the
communication device via the network 100. Subsequently the
network entity 110 may use processing means 112 to determine
a paging and/or tracking mode for the wireless communication
device based on the information indicating the motion state,
i.e. an in-moticn or Stationary state, of the wireless
communication device 10. The network entity 110 may have
different paging and/or tracking modes for the wireless
communication saved on a memory or memory means 111 which may

be used during the determination of a paging and/or tracking
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mode. The communication means 113 may comprise further
transmission means in order to transmit instructions to use a
paging and/or tracking mode to the wireless communication
device via the network 100 and the base station 120.

The wireless communication device 10 may comprise further
instructions receiving means 13 for receiving instructions
transmitted by the network entity 110 to use a paging and/or
tracking mode. The wireless communication device 10 may
further comprise processing means 10 configured to adapt a
paging and/or tracking mode for signal reception on the basis
of the received instructions from the network entity. The
communication device 10 may further comprise memory means 10c
adapted to store the paging and/or tracking mode received
from the network entity 110.

In one embodiment of the present invention the wireless
communication device may be instructed to adapt a regular
paging and/or tracking mode for signal reception when the
wireless communication device is in motion. That is, when the
wireless communication device 10 evaluated or determined a
condition indicating that the wireless communication device
is in motion, information indicating an in-motion state is
transmitted from the wireless communication device through
the base station 120 via the network 100 to the network
entity 110. The network entity 110 then determines that a
regular paging and/or tracking mode in the network is to be
used for the wireless communication device 10 based on the
information received. Subsequently the network entity 110
informs the wireless communication device 10 via base station
120 and through the network 100 that the regular paging
and/or tracking mode is to be used.

In another embodiment of the present invention, the wireless
communication device is further configured to adapt a limited
paging and/or tracking mode based on the received
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instructions determined based on information indicating the
stationary state.

The regular paging and/or tracking mode uses more resources
of the wireless communication device and/or more resources of
the network than the limited paging and/or tracking mode.

That is, the wireless communication device transmits a signal
indicating the stationary state of the wireless communication
device for instance determined using a sensor unit via base
station 120 through network 100 to the network entity 110.
The network entity 110 determines that a limited paging
and/or tracking mode is to be used by the wireless
communication device 10 gtationary in the tracking area 20.
The network entity 110 subsequently transmits a signal to the
wireless communication device 10 through the network 100 via
base station 120 indicating the use of the limited paging

and/or tracking mode.

In one embodiment of the present invention, the limited
paging and/or tracking mode is using a longer paging cycle as
the regqular paging and/or tracking mode.

In yet another embodiment of the present invention the
limited paging and/or tracking mode uses a precision paging
only in an area from which the wireless communication device
was communicating with the network in a previous paging
and/or tracking cycle. That is, the network sends a paging
message only from, for instance, the base station associated
with a tracking area about which the network knows the
wireless communication device 10 was located in during the
last communication with the network. In other words, as the
communication device 10 indicated to the network 100 or
network entity 110 that it is stationary, i.e. not moving,
the network 100 may correctly assume that the communication
device 10 will stay in the tracking area 20 the network was

communicating with the wirelegs communication device 10 in
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the last paging cycle. In other words yet, the wireless
communication device 10 indicated to the network 100 that it
does not change its position and subsequently that a paging
and tracking message may be sent less frequently compared to
a state where the wireless communication device 10 is in
motion and/or only in the specified tracking area 20.

In another embodiment of the present invention the wireless
communication device is adapted to reduce the on-duration for
a paging and/or tracking mode, when instructed to use the
limited paging and/or tracking mode.

In yet another embodiment of the present invention the
wireless communication device may be adapted to increase a
paging cycle for the paging and/or tracking mode, when

instructed to use a limited paging and/or tracking mode.

In another embodiment of the present invention the wireless
communication device may be adapted to transmitting the
information for adapting a paging and/or tracking mode in an
idle or connected state.

This way, a system comprising the wireless communication
device 10 and the network entity 110 may be capable of
performing a methed for paging and/or tracking a wireless
communication device 10 in a mobile or wireless communication
network 100 wherein the method uses less resources of the
wireless communication device 10 as well as less resources of
the network 100, i.e. consuming less energy and providing a
longer battery life for the wireless communication device 10
and enabling a more efficient network paging method.

Generally, the mentioned processing means 112 of the network

entity 110 may be a processing unit,a processor, a processing
unit collection, CPU, a share of a data/processing center and
so on. The processing means 112 are capable of performing

determining a paging and/or tracking mode for the wireless
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communication device based on the information indicating the

in-motion or stationary state of the wireless communication
device.

The memory means 111 of the network entity 110 may
specifically store code instructing the processing means 112
to implement a method embodiment of the present invention.
Particularly the memoxy means 111 may store code instructing
the processing means 112 during operation to determine a
paging and/or tracking mode for the wireless communication
device based on the information indicating the in-motion or

stationary state of the wireless communication device.

For instance in one embodiment of the present invention the
communication means 113 of the network entity 110 may connect
to the network 100. Through the communication means 113 the
network entity 110 may receive a signal indicating the motion
state of the wireless communication device. However, there
may be more than one communication means to separately
receive the signal indicating the motion state of the
wireless communication device and to transmit instructions to

use a paging and/or tracking mode.

Further, in one embodiment of the present invention the
communication means 113 may be connected to several entities
apart from the network 100 in order to receive the signal
indicating the motion state of the wireless communication
device 190.

Figure 4 shows a flowchart of a method for paging and/or
tracking a wireless communication device of a mobile or
wireless communication network comprising the steps 8110 to
5150.

In a step S110 a condition that indicates an in-motion or

stationary state of the wireless communication device 10 may
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be evaluated locally, i.e. in the wireless communication
device 10.

The method may further comprise a step 8120 transmitting
information for adapting a paging and/or tracking mode from
the wireless communication device 10 towards the
communication network 100, wherein the information indicates
the in-motion or stationary state of the wireless
communication device 10.

The method may further comprise a step S140C determining a
paging and/or tracking mode for the wireless communication
device 10 based on the received information.

In another embodiment of the invention, the method may
further comprise a step $120 receiving from the wireless
communication device information indicating an in-motion or
stationary state.

In yet another embodiment of the present invention the method
may further comprise a step S150 transmitting instructions
towards the wireless communication device to use the
determined paging and/or tracking mode.

In other words in one embodiment of the invention only the
cage may be considered when the tracking area determination
and the paging reception occurs in the same cn-duration
interval, but it should be obvious to one skilled in the art
that this may be further divided into sub-tasks, e.g. perform
cell search, perform cell selection, acquire system
synchronization, receive gsystem information, etc., that are
needed in order to perform the tracking area determination
and the paging reception. These sub-tasks may also be
performed at different times and with different periodicity.
But for sake of simplicity of the description only examples
may elaborated further where these tasks are performed during
one on-duration interval,
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In other words in one embodiment of the invention, toc enable
efficient network paging the “DTX” duration may be short so
the wireless communication device can be paged quickly
whenever needed. PFurthermore the “on-duration” may be long to
enable the network to page the wireless communication device
multiple times. This may for example enable the UE to
initially page the UE only in the cell where it was
previously active and not send out the paging messages over
the entire tracking area list.

In other words in one embodiment, the number of raging
messages may be significantly reduced, at least on average,
by initially paging the wireless communication device in a
small number of cells in the tracking area list, see Figure
8. The drawbacks with this may be that it takes longer time
and may require several attempts to be guaranteed to find the
wireless communication device. This may be compensated for by
making the UE on-duration longer and/or by making the paging
cycle shorter which may have the negative effect of
increasing the UE power consumption.

In other words in one embodiment of the invention by
selectively paging the wireless communication device,
initially only in one or a few cells, the average number of
paging messages may be significantly reduced. This however
may require more attempts and hence the wireless
communication device on-duration may need to be extended or
the paging cycle may need to be shortened.

In other words in one embodiment of the invention, in order
to reduce the number of paging messages that the network may
have to send and at the same time may ensure that the
wireless communication device may be found quickly in one

embodiment of the invention, as ghown in Figure 7, the size
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of the tracking areas may be decreased. The drawback with
this solution may be that it may require more location area
update messages to be transmitted from the wireless
communication devices which may drain the battery of the
wireless communication device and may cause interference and
may consume capacity in the network. Alternatively the
wireless communication device may be configured with very
long allowed tracking area lists which are difficult to

manage in practice.

In one embodiment of the invention, reducing the tracking
area sizes may enable the network to quickly find the
wireless communication device at the expense of either very
many location area update messages or very complex management
of tracking area lists.

In other words in one embodiment of the invention, using the
maximum paging cycle may force the network to find the
wireless communication device in only one attempt. This may
imply paging the wireless communication device in all cells
in the tracking area list already in the first attempt. This
may, however be inefficient since it may require more paging
messages to be transmitted from the network.

In one embodiment of the invention, alternatively the
tracking area list may need to be small which may lead to an
increased number of location area updates when the wireless
communication device is in idle mode mobility, i.e. decreases
battery life, or configuring each wireless communication
device with a long list of TAs in the allowed tracking area
list, i.e. being complex.

In one embodiment of the invention paging may be a system
function that may need to be “always on”, and it may cause
significant network energy consumption as it means the
network quite frequently need to transmit paging messages

even though no user data transmissions take place. From a



WO 2017/162300 PCT/EP2016/056625

25

network energy performance perspective, it may be degirable
to make it more efficient if possible.

In other words in one embodiment of the invention, in some
cases it may be reliably predicted that the wireless
communication device will be stationary for a significant
time duration, that may be for instance when a gmartpheone or
the alike is located in a charger {(not shown); when sensors
of the wireless communication device may detect that it is
not moving; when it is night time; when a connected car is

parked and the engine is off or the wheels are not rotating,
etc.

In one embodiment the wireless communication device may
signal to the network “I'm stationary” in order to enable the

use of a “lean paging and tracking mode”

In one embodiment the network may then use a “precision
paging” in only the cell the wireless communication device
was last connected to

In one embodiment the wireless communication device may

reduce the on-duration and/or increase the paging cycle

In other words in one embodiment in case user activity and/or
wireless communication device movement may be detected the
wireless communication device may signal the network “I am
active” in order to enable a “normal paging and tracking
mode” .

In one embodiment one advantage for the wireless
communication device may be that the proposed invention may
increase the DRX duration and/or decrease the non-active “on-
duration”. This may extend the battery life of the wireless
communication device.
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In one embodiment of the present invention, for the network
the use of the proposed invention may enable the benefits of
reduced overhead from non-data related transmission; lower

interference and hence higher performance as well as longer

time to sleep and hence lower network energy consumption.

In other words one embodiment depicting the usage of the
invention is shown in Figure 9. The wireless communication
device may be confiqured with “a normal paging and tracking
configuration”. In one embodiment of the invention, by
monitoring sensors the wireless communication device may
detect that is in an “unmoving” state in which a more
efficient paging and tracking behaviour could be used.

In other words in one embodiment the wireless communication
device may signal to the network that “unmoving behaviour” is
detected. In response the network may send a confirmation
message back to the wireless communication device. Prior to
this the network may determine and may communicate “lean
paging and tracking parameters” and may communicate these
parameters to the wireless communication device. The “lean”
parameter set may alternatively be implicitly derived based
on a standardized rule.

In other words, the “lean paging and tracking” configuration
may be that it has a longer paging cycle, a shorter on-
duration, and/or a longer DTX duration compared to the
"normal paging and tracking” configuration. In addition the
network may use a smaller effective paging area, e.g. 1t may
page the UE only in one single cell instead of in every cell
in the entire allowed tracking area list.

In one embodiment of the invention once a sensor may detect
that the wireless communication device is no longer in an
unmoving state or after a timer runs out, it signals the
network again and after a handshake the normal paging and
tracking configuration may be used again.
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In one embodiment of the invention it may be possible to
enable longer DTX, longer paging cycle, and/or shorter on-
duration in the UE and thereby increasing UE battery life by
means of selecting based on UE sensors between a normal and a
lean paging and tracking configuration.

In another embodiment of the invention it may be possible to
rely on sensors of the wireless communication device and
reporting in order to enable high precision selection of

cells that need to transmit paging messages in the network.

Although detailed embodiments have been described, these only
serve to provide a better understanding of the invention
defined by the independent claims and are not to be seen asg
limiting.
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Claims:

1. A wireless communication device (10) adapted to
communicate with a network entity (110) of a wireless

communication network (100}, and further adapted to:

evaluate, in the wireless communication device (10), a
condition that indicates an in-motion or stationary

state of the wireless communication device (10); and

transmit information for adapting a paging and/or
tracking mode in the network, the information indicating
the in-motion or stationary state of the wireless

communication device (10) towards the communication
network (100).

2. The wireless communication device (10} according to
claim 1, further compriging a sensor unit (1la)
configured to output a signal that indicates the in-
motion or stationary state of the wireless communication
device (10), wherein the wireless communication device
(10) is adapted to evaluate said conditions by comparing
a value of the signal to a predetermined value.

3. The wireless communication device (10) according to
claim 2, wherein the sensor unit (1la} is any one of a
motion sensor, a gyroscope, a temperature sensor, a
light sensor, ailr pressure sensor, an ignition sensor, a

mechanical sensocor, and a charging current sensor.

4. The wireless communication device (10) according to any
one of claims 1 to 3, further adapted to receiving
instructions to use a paging and/or tracking mode
determined by a network entity (110) based on the
information indicating the in-motion or stationary
state.
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The wireless communication device (10) according to
claim 4, further configured to adapt a paging and/or
tracking mode for signal reception on the basis of the
received instructions.

The wireless communication device (10) according to any
one of claims 1 to 5, further configured to adapt a
regular paging and/or tracking mode for signal reception
based on the received instructions determined based on

the information indicating the in-motion state.

The wireless communication device (10) according to any

one of claims 1 to 5, further configured to:

adapt a limited paging and/or tracking mode based on the
received instructions determined bhased on the

information indicating the stationary state,

wherein the regular paging and/or tracking mode uses
more resources than the limited paging and/or tracking
mode .

The wireless communication device (10) according to any
one of claims 1 to 7, wherein the limited paging and/or
tracking mede uses a precision paging only in an area
from which the wireless communication device (10) was
communicating with the network in a previous paging
and/or tracking cycle.

The wireless communication device (10) according to any
one of claims 1 to 8, adapted to reduce the on-duration
for the paging and/or tracking mode, when instructed to

use the limited paging and/or tracking mode.

The wireless communication device (10) according to

claims 1 to 9, adapted to increase a paging cycle for
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the paging and/or tracking mode, when instructed to use
the limited paging and/or tracking mode.

The wireless communication device (10) according to any
one of c¢laims 1 to 10, adapted to transmitting the

information for adapting a paging and/or tracking mode
in an idle or connected state.

A network entity {110) coupled to a wireless
communication network (100) adapted to receive data from
a wireless communication device (10), the network entity

(110) comprising processing resources being configured
to:

receive, from a wireless communication device (10},
information for adapting a paging and/or tracking mode
in the network indicating an in-motion or stationary

state of gaid wireless communication device {10);

determine a paging and/or tracking mode for the wireless
communication device (10) based on the information
indicating the in-motion or stationary state of the

wireless communication device (10).

A network system comprising a wireless communication
device (10) according to any one of claimg 1 to 11 and a

network entity (110) according to any one of claims 12.

A method for paging and/or tracking a wireless
communication device (10) of a wireless communication
network (100) comprising the steps of:

evaluating (8110}, in the wireless communication device
(10}, a condition that indicates an in-motion or
stationary state of the wireless communication device
(10);
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transmitting (S130) information for adapting a paging
and/or tracking mode from the wireless communication
device (10) towards the communication network (100), the
information indicating the in-motion or stationary state

of the wirelegs communication device (10); and

determining (8150) a paging and/or tracking mode for the
wireless communication device (10) based on the received
information.

A method for paging and/or tracking a wireless
communication device (10) according to claim 14, further
comprising a step of:

receiving (S120) from the wireless communication device
(10) the information indicating an in-motion or
stationary state.

A method for paging and/or tracking a wireless
communication device (10) according to any of claims 14

or 15, further comprising a step of:

transmitting (S140) instructions towards the wireless
communication device (10) to use said determined paging
and/or tracking mode.

A computer program comprising code, wherein the code,
when executed on processing resources, instructs said
processing resources to perform a method according to
any ore of claims 14 to 1s6.

A computer program product storing code, wherein the
code, when executed on processing resources, instructs
said procesgsing resourceg to perform a method according

to any one of claimg 14 to 16.
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