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(57) Abstract: A method implemented by a network device for
mobility management in a wireless communication network is pro-
vided. The network device is communicatively connected to at
least a user equipment in the wireless communication network.
The method comprises determining whether the user equipment
is in a fast-moving state upon receipt of a tracking area update re-
quest from the user equipment. The method further comprises:
in response to the user equipment being in the fast-moving state,
configuring a tracking area identity list associated with the user
equipment to include only a current tracking area identity associ-
ated with the user equipment, and paging the user equipment us-
ing the tracking area identity list. Accordingly, a network device
for mobility management in a wireless communication network is
also provided.
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METHODS AND DEVICES FOR MOBILITY MANAGEMENT

TECHNICAL FIELD

The present disclosure genecrally relates to wireless communication

networks, and more specifically to methods and devices for mobility

management.

BACKGROUND
In the Long Term Evolution (LTE), which i1s the next-generation

cellular communication standard discussed in the Third Generation
Partnership Project (3GPP), when a user equipment (UE) registers with a
network, a mobility management entity (MME) serving tracking areas
(TAs) with which the UE 1s registered allocates a list of tracking area
identities (TAIs) to the UE, and pages the idle-mode UE in an area which
is limited by the TAI list. A dynamic TAI list includes TAIs recently
accessed by the UE.

Since radio resources are expensive and limited, paging the UE in an
efficient way becomes increasingly essential. Therefore, there is a tradeoff
between saving the radio resources and quickly reaching the UE, because
the MME usually expands the paging area gradually in adaptive paging.

For instance, for some non-time-critical services such as packet
switched services, the paging area is expanded in the following order: 1)
the last visited eNB, which is the minimum paging area for the UE; 2) a list
of the last visited eNBs; 3) the current TAI; and 4) the TAI list generally
including the current TAI and the last visited TAls. In other words, if the
UE cannot be reached by paging in the last visited eNB, the MME will
perform the paging process in the last-visited-eNB list; if the UE still
cannot be reached, the paging process will be performed in the current TA;
and the like. Morcover, for some time-critical services such as a voice call
service or a high priority service, the MME generally pages the UE using
the TAT list, which 1s the maximum paging area, so that the UE can be
reached more quickly.
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With the development of transportation, modern users of the UEs
often travel by high-speed vehicles, e.g, 250-350 kilometers per hour
(km/h) or more. This may result in more paging failures and slower paging
responses than in normal-speed vehicles.

In view of this, if the UE is moving fast, e.g., on a high-speed railway,
then the last visited eNB or eNB list, the last visited TAI or other
previously visited TAIs can hardly be used for paging the UE successfully
since the UE which is fast-moving straight ahead will probably not return
to these areas. The paging process which often lasts several seconds would
lead to a waste of the radio resources when the UE could not be reached in
the above visited areas. Especially, as described above with respect to the
time-critical services, the MME usually pages the UE directly using the
largest paging area, 1.¢., the whole TAI list including all of the visited TATs,

which may induce more wastes.

SUMMARY

[t is an object of the present disclosure to improve a paging efficiency
for a fast-moving UE, thereby effectively utilizing the radio resources.

According to a first aspect of the present disclosure, a method
implemented by a network device for mobility management in a wireless
communication network 1s provided. The network device may be
communicatively connected to at least a user equipment in the wireless
communication network. The method may comprise determining whether
the user equipment is in a fast-moving state upon receipt of a tracking arca
update request from the user equipment. The method may further comprise:
in response to the user equipment being in the fast-moving state,
configuring a tracking area identity list associated with the user equipment
to include only a current tracking area identity associated with the user
equipment, and paging the user equipment using the tracking arca identity
list.

According to a second aspect of the present disclosure, a method
implemented by a user equipment for mobility management in a wireless

2.
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communication network 1s provided. The wuser equipment may be
communicatively connected to at least a network device in the wireless
communication network. The method may comprise transmitting a tracking
arca update request to the network device;, receiving a tracking area
identity list that is configured to include only a current tracking area
identity associated with the user equipment, in an accept message from the
network device; and receiving a paging message transmitted based on the
tracking area identity list.

According to a third aspect of the present disclosure, a network device
for mobility management in a wireless communication network 1s provided.
The network device may be communicatively connected to at least a user
equipment in the wireless communication network. The network device
may comprise a processor and a memory communicatively coupled to the
processor. The memory may be adapted to store instructions which, when
executed by the processor, may cause the network device to: determine
whether the user equipment is in a fast-moving state upon receipt of a
tracking area update request from the user equipment; in response to the
user equipment being in the fast-moving state, configure a tracking area
identity list associated with the user equipment to include only a current
tracking area identity associated with the user equipment, and page the user
equipment using the tracking area 1dentity list.

According to a fourth aspect of the present disclosure, a user
equipment for mobility management in a wireless communication network
1s provided. The user equipment may be communicatively connected to at
least a network device in the wireless communication network. The user
equipment may comprise a processor and a memory communicatively
coupled to the processor. The memory may be adapted to store instructions
which, when executed by the processor, may cause the user equipment to:
transmit a tracking arca update request to the network device; receive a
tracking area identity list that is configured to include only a current
tracking area identity associated with the user equipment, in an accept
message from the network device; and receive a paging message
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transmitted based on the tracking area identity list.

According to a fifth aspect of the present disclosure, a wireless
communication system for mobility management is provided. The wireless
communication system may comprisc at least a network device and a user
equipment communicatively connected to each other. The network device
may comprise a first processor and a first memory communicatively
coupled to the first processor. The first memory may be adapted to store
instructions which, when executed by the first processor, may cause the
network device to: determine whether the user equipment is in a
fast-moving state upon receipt of a tracking arca update request from the
user equipment; in response to the user equipment being in the fast-moving
state, configure a tracking area identity list associated with the user
equipment to include only a current tracking area identity associated with
the user equipment, and page the user equipment using the tracking area
identity list. The user equipment may comprise a second processor and a
second memory communicatively coupled to the second processor. The
second memory may be adapted to store instructions which, when executed
by the second processor, may cause the user equipment to: transmit the
tracking area update request to the network device; receive the tracking
arca identity list in an accept message from the network device; and
receive a paging message transmitted based on the tracking area identity
list.

According to a sixth aspect of the present disclosure, a non-transitory
computer readable medium having a computer program stored thereon is
provided. When the computer program is executed by a set of one or more
processors of a network device for mobility management, the computer
program may cause the network device to perform operations of the
method according to the above first aspect.

According to a seventh aspect of the present disclosure, a
non-transitory computer readable medium having a computer program
stored thercon is provided. When the computer program 1s executed by a
set of one or more processors of a user equipment, the computer program
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may cause the user equipment to perform operations of the method
according to the above second aspect.

On one hand, the present disclosure can increase a paging success rate
and decrcasc a paging response time at least for the fast-moving UEs in the
non-time-critical services by removing the paging in the eNB and eNB list.
On the other hand, the present disclosure can minimize the paging area to
the single current TA at least for the fast-moving UEs in the time-critical

SEIVICES.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be best understood by way of example with

reference to the following description and accompanying drawings that are
used to illustrate embodiments of the present disclosure. In the drawings:

Fig. 1 is a schematic diagram illustrating a UE moving across a
number of TAs served by one MME;

Fig. 2 is a flow chart illustrating a method implemented on a network
device according to some embodiments of the present disclosure;

Fig. 3 is a more specific flow chart illustrating a method implemented
on a network device according to some embodiments of the present
disclosure;

Fig. 4 1s a flow chart illustrating a method implemented on a UE
according to some embodiments of the present disclosure;

Fig. 5 is a block diagram illustrating a network device according to
some embodiments of the present disclosure;

Fig. 6 is a block diagram illustrating a UE according to some
embodiments of the present disclosure;

Fig. 7 is a block diagram illustrating another network device
according to some embodiments of the present disclosure;

Fig. 8 is a block diagram illustrating another UE according to some
embodiments of the present disclosure; and

Fig. 9 1s a block diagram illustrating a wireless communication system
according to some embodiments of the present disclosure.

-5-
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DETAILED DESCRIPTION

The following detailed description describes methods and apparatuses

for mobility management in a wireless communication network. In the
following detailed description, numerous specific details such as logic
implementations, types and interrelationships of system components, etc.
are set forth in order to provide a more thorough understanding of the
present disclosure. It should be appreciated, however, by one skilled in the
art that the present disclosure may be practiced without such specific details.
In other instances, control structures, circuits and instruction sequences
have not been shown in detail in order not to obscure the present disclosure.
Those of ordinary skill in the art, with the included descriptions, will be able
to implement appropriate functionality without undue experimentation.

13

References in the specification to ‘“one embodiment”, “an
embodiment”, “an example embodiment” etc. indicate that the embodiment
described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature,
structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it
1s submitted that 1t 1s within the knowledge of one skilled in the art to affect
such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

Bracketed text and blocks with dashed borders (e.g., large dashes,
small dashes, dot-dash, and dots) may be used herein to illustrate optional
operations that add additional features to embodiments of the present
disclosure. However, such notation should not be taken to mean that these
are the only options or optional operations, and/or that blocks with solid
borders are not optional in certain embodiments of the present disclosure.

In the following detailed description and claims, the terms “coupled”
and “connected,” along with their derivatives, may be used. It should be
understood that these terms are not intended as synonyms for each other.

-6 -
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“Coupled” 1s used to indicate that two or more elements, which may or may
not be 1n direct physical or electrical contact with each other, cooperate or
interact with each other. “Connected” is used to indicate the establishment
of communication between two or more clements that are coupled with cach
other.

An electronic device stores and transmits (internally and/or with other
electronic devices over a network) code (which is composed of software
instructions and which is sometimes referred to as computer program code
or a computer program) and/or data using machine-readable media (also
called computer-recadable media), such as machine-recadable storage media
(e.g., magnetic disks, optical disks, read only memory (ROM), flash
memory devices, phase change memory) and machine-readable
transmission media (also called a carrier) (e.g., electrical, optical, radio,
acoustical or other form of propagated signals — such as carrier waves,
infrared signals). Thus, an electronic device (e.g., a computer) includes
hardware and software, such as a set of one or more processors coupled to
one or more machine-readable storage media to store code for execution on
the set of processors and/or to store data. For instance, an electronic device
may include non-volatile memory containing the code since the non-volatile
memory can persist code/data even when the electronic device is turned off
(when power 1s removed), and while the electronic device 1s turned on, that
part of the code that is to be executed by the processor(s) of that electronic
device is typically copied from the slower non-volatile memory into volatile
memory (€.g., dynamic random access memory (DRAM), static random
access memory (SRAM)) of that electronic device. Typical electronic
devices also include a set of or one or more physical network interfaces to
establish network connections (to transmit and/or receive code and/or data
using propagating signals) with other electronic devices. One or more parts
of an embodiment of the present disclosure may be implemented using
different combinations of software, firmware, and/or hardware.

Fig. 1 is a schematic diagram 1illustrating a scenario in which a UE
100 1s moving across several tracking areas served by one and the same

-7 -



WO 2019/090652 PCT/CN2017/110329

10

15

20

25

30

, the UE 100
consecutively passes through TA1, TA2, TA3, TA4, TAS and TA6, with
none of which the UE 100 was previously registered. Once the UE 100

MME (not shown). As exemplarily shown in Fig. 1

enters a new TA with which it is not registered while Ieaving a previous
TA, the UE 100 transmits a tracking area update (TAU) request to the
MME, and the MME records a timestamp when receiving the TAU request.
As an example, the UE 100 transmits a TAU request to the MME when
entering TA1, and the MME records a timestamp t1 upon receipt of the
TAU request; and then the UE 100 transmits another TAU request when
entering TA2, and the MME records a timestamp t2, which is the entering
time t;, for TA2 and the leaving time t,, for TA1, upon receipt of this TAU
request, and the like. The timestamps t1-t6 may be employed herein to
determine whether the UE 1s fast moving, which will be discussed below in
detail.

When the UE 100 is moving fast, e.g., on a high-speed railway, it is
very difficult for the MME to reach the UE 100 successfully by performing
the paging process using the last visited eNB or eNB list, the last visited
TAI or other previously visited TAls since the UE 100 is moving rapidly
straight ahead and will not go back to these areas. The paging process
which often lasts several seconds would lead to a waste of the radio
resources when the UE could not be reached in the previously visited areas.
For the time-critical services, the MME usually pages the UE directly
using the largest paging area, i.e., the whole TAI list, which may induce
more wastes.

Fig. 2 is a flow chart illustrating a method 200 implemented on a
network device for mobility management according to some embodiments
of the present disclosure. For simplicity and clarity, the network device
may be an MME communicating with UEs by way of example, but it is not
limited to the MME. The operations in this and other flow charts will be
described with reference to the exemplary embodiments of the other figures.
However, it should be appreciated that the operations of the flow charts may
be performed by embodiments of the present disclosure other than those
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discussed with reference to the other figures, and the embodiments of the
present disclosure discussed with reference to these other figures may
perform operations different than those discussed with reference to the flow
charts.

In one embodiment, the method begins with the MME determining
whether the UE, e.g., the UE 100 as shown in Fig. 1, is in a fast-moving
state upon receipt of a TAU request from the UE (block 201). In response
to determination that the UE is in the fast-moving state, the MME may
configure a TAI list associated with the UE to include only a current TAI
for the UE (block 202), and page the UE using this TAI list (block 203). In
other words, if the MME discovers that the UE is fast moving, the MME
constructs the TAI list only using the current TAI. When the MME
recetves a downlink data notification from a serving gateway (S-GW), the
MME may page the UE using the TAI list, i.e., directly within the TA
indicated by the current TAI for the UE. As an example, when the UE 100
enters TA4 as shown in Fig. 1 and the MME finds that the UE 100 1s fast
moving, the MME will page the UE 100 directly within TA4, without
using the last visited eNB or eNB list or any of the TAs identified by the
previously visited TAls, e.g., TA1-TA3 in Fig. 1. This will save substantial
radio resources since paging the UE in other areas than the current TA of
the UE 1s of no use as the UE 1s moving fast forward.

If it is determined that the UE is not in the fast-moving state, the
MME may configure the TAI list in the conventional way, e.g., in the order
of the last visited eNB, the last visited eNB list, the current TAI and the
TAI list for the non-time-critical services; and using the whole TAI list for
the time-critical services.

Turning back to Fig. 1, for each of the TAs, it may be determined
whether the UE is in the fast-moving state based on a duration tgymgen 10
which the UE stays in the TA and a duration threshold twresnoia. The
duration tgyrion may be computed based on the timestamps ti, and toy
recorded when the UE enters and leaves the TA respectively, €.g., in one
embodiment, based on a difference between the timestamps toy and ti, for
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the TA. As an example, tguaton 1n Which the UE stays in TA1 may be
computed as t; — t;. The duration threshold tireshols may be predetermined,
e.g., predefined by an operator based on a size of the TA and/or other
network deployments. As an example, tumreshoia may be 10 seconds, 15
seconds, 20 seconds, etc. The determination of whether the UE is in the
fast-moving state will be described below in more detail with respect to Fig.
3.

Fig. 3 is a more specific flow chart illustrating a method implemented
on a network device for mobility management according to some
embodiments of the present disclosure. For simplicity and clarity, the
network device may be an MME communicating with UEs by way of
example, but it is not limited to the MME.

In one embodiment, for each of the previous TAs, the MME obtains a
first timestamp when receiving a first TAU request from the UE (block
301), and obtains a second timestamp when receiving a second TAU
request from the UE (block 302). For example, as described above with
respect to Fig. 1, in the duration tgyation; 1n Which the UE stays in TAT1, the
MME records a timestamp t1 when receiving a first TAU request from the
UE as the UE enters TA1, and the MME records a timestamp t2 when
receiving a second TAU request from the UE as the UE leaves TAI,;
likewise, in the duration tgquration2 1n Which the UE stays in TA2, the UE
records timestamps t2 and t3 respectively; and the like. In one embodiment,
for each of the previous TAs, the MME may compute the duration in which
the UE stays in this TA as a difference between the second timestamp and
the first timestamp (block 303).

The MME may compare a time duration associated with the UE to the
duration threshold and determine that the UE is in the fast-moving state if
the time duration is less than the duration threshold. In one embodiment,
the MME may compare a duration in which the UE stays in the
immediately previous TA to the duration threshold (block 304) and
determine that the UE is in the fast-moving state 1f the duration 1s less than
the duration threshold (block 306). As an example, when the UE 100 enters

-10 -
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TA3, the MME may compare the duration tgyrion2 1n Which the UE stays in

TA2 t0 tireshoid. In another embodiment, in order to further improve an

accuracy, the MME may compare an average duration of durations in

which the UE stays in a plurality of immediately previous TAs to the
5 duration threshold (block 305) and determine that the UE is in the
fast-moving state 1f the average duration is less than the duration threshold
(block 307). As an example, when the UE 100 enters TA4, the MME may

comparc an average Of tdurationl; 1:du.rationZ and tduraion3 to 1:threshold-

The following Table I shows some situations of construction of the

10 TAI list.
Current TA TA2 TA3 TA4 TAS TA6
Immediately | TAl TA2 TA3 TA4 TAS
previous TA
tm  for the|tl t2 t3 t4 t5
immediately
previous TA
towt for the |12 13 t4 t5 t6
immediately
previous TA
tauration for the | t2-t1 t3-t2 t4-13 t5-t4 t6-t5
immediately
previous TA
TAI list [TA2, [TA3, [TA4] [TAS] [TAS6,
TA1] TA2, TAS, TA4,
TA1] TA3, TA2,
TA1]
Table I

As an example, when the UE enters TA3, the MME compares the time
15 duration (t3-t2) or (t3-t1)/2 to the predetermined threshold tuesnoia and
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derives the result that the UE is not in the fast-moving state, and the TAI
list 1s then configured to include both the current TA (i.e., TA3) and the
previous TAs (i.e., TA2 and TA1). When the UE enters TA4/TAS, the
MME compares the time duration (t4-t3) or (t4-t1)/3 / (t5-t4) or (15-t1)/4 to
tireshold and determines that the UE is in the fast-moving state, and then the
TALI list is configured by the MME to include only the current TAI (block
308). When the UE continues to enter TA6, if the MME discovers that the
UE is not in the fast-moving state again by comparing the associated time
duration to treshola, then the MME turns to configure the TAI list in the
conventional way.

If the MME determines that the UE is in the fast-moving state, then
after configuration of the TAI list, the MME pages the UE using the TAI
list including only the current TAI (block 309). As described above, the
radio resources are saved by eliminating the paging made using the
eNB/eNB list or the whole TAI list including all of the visited TAIs.

Fig. 4 1s a flow chart illustrating a method 400 implemented on a UE
according to some embodiments of the present disclosure. In one
embodiment, the operations of the flow chart may be performed by the UE
100 as shown in Fig. 1 which communicates with a network device for
mobility management. The network device may be but not limited to an
MME.

In one embodiment, the method begins with the UE 100 transmitting a
TAU request to the MME (block 401). As described above, the UE 100
transmits the TAU request to the MME when the UE 100 detects that it
enters a new TA with which it is not registered. The UE 100 may later
receive a TAU accept message from the MME including a TAI list that
includes only the current TAI for the UE 100 (block 402). In the paging
requested by the MME to an application server based on the TAI list
including only the current TAI, the UE 100 may receive a paging message
from the application server (block 403).

As an example, the TAI list received in the TAU accept message may
be configured in response to determination that the UE 100 is in a
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fast-moving state. As a further example, the determination is made by the
MME based on a comparison of an average of durations in which the UE
100 stays in each of a plurality of immediately previous TAs to the
duration threshold. As a still further example, the duration for cach of the
TAs is computed by the MME based on timestamps corresponding to the
TAU requests transmitted by the UE 100, e.g., timestamps corresponding
to receipt of the TAU requests transmitted when the UE 100 enters and
leaves this TA.

Fig. 5 is a block diagram illustrating a network device 500 for
mobility management according to some embodiments of the present
disclosure. As an example, the network device 500 may be an MME
communicating with UEs, but it is not limited to the MME. It should be
appreciated that the network device 500 may be implemented using
components other than those illustrated in Fig. 5.

With reference to Fig. 5, the network device 500 may comprise at
least a processor 501, a memory 502, a network interface 503 and a
communication medium 504. The processor 501, the memory 502 and the
network interface 503 are communicatively coupled to each other via the
communication medium 504.

The processor 501 includes one or more processing units. A
processing unit may be a physical device or article of manufacture
comprising one or more integrated circuits that read data and instructions
from computer readable media, such as the memory 502, and selectively
execute the instructions. In various embodiments, the processor 501 1is
implemented in various ways. As an example, the processor 501 may be
implemented as one or more processing cores. As another example, the
processor 501 may comprise one or more separate microprocessors. In yet
another example, the processor 501 may comprise an application-specific
integrated circuit (ASIC) that provides specific functionality. In yet
another example, the processor 501 provides specific functionality by
using an ASIC and by executing computer-executable instructions.

The memory 502 includes one or more computer-usable or
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computer-readable storage medium capable of storing data and/or
computer-executable instructions. It should be appreciated that the storage
medium is preferably a non-transitory storage medium.

The network interface 503 may be a device or article of manufacture
that enables the network device 500 to send data to or receive data from the
UEs. In different embodiments, the network interface 503 is implemented
in different ways. As an example, the network interface 503 may be
implemented as an Ethernet interface, a token-ring network interface, a
fiber optic network interface, a wircless network interface (e.g., Wi-Fi,
WiMagk, etc.), or another type of network interface.

The communication medium 504 facilitates communication among
the processor 501, the memory 502 and the network interface 503. The
communication medium 504 may be implemented in various ways. For
example, the communication medium 504 may comprise a Peripheral
Component Interconnect (PCI) bus, a PCI Express bus, an accelerated
graphics port (AGP) bus, a serial Advanced Technology Attachment (ATA)
interconnect, a parallel ATA interconnect, a Fiber Channel interconnect, a
USB bus, a Small Computing System Interface (SCSI) interface, or another
type of communications medium.

In the example of Fig. 5, the instructions stored in the memory 502
may include those that, when executed by the processor 501, cause the
network device 500 to implement the methods described with respect to
Figs. 2 and 3.

Fig. 6 1s a block diagram illustrating a UE 600 according to some
embodiments of the present disclosure. As an example, the UE 600 may act
as the UE 100 as shown in Fig. 1. It should be appreciated that the network
device 600 may be implemented using components other than those
illustrated in Fig. 6.

With reference to Fig. 6, the network device 600 may comprise at
least a processor 601, a memory 602, a network interface 603 and a
communication medium 604. The processor 601, the memory 602 and the
network interface 603 are communicatively coupled to each other via the
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communication medium 604.

The processor 601, the memory 602, the network interface 603 and
the communication medium 604 are structurally and functionally similar to
the processor 501, the memory 502, the network interface 503 and the
communication medium 504 respectively, and will not be described herein
in detail.

In the example of Fig. 6, the instructions stored in the memory 602
may include those that, when executed by the processor 601, cause the
network device 600 to implement the method described with respect to Fig.
4,

Fig. 7 1s a block diagram illustrating a network device 700 for
mobility management according to some embodiments of the present
disclosure. As an example, the network device 700 may be an MME
communicating with UEs, but it is not limited to the MME. It should be
appreciated that the network device 700 may be implemented using
components other than those 1llustrated in Fig. 7.

With reference to Fig. 7, the network device 700 may comprise at
least a receiving component 701, a determination component 702, a
configuration component 703 and a paging component 704. The receiving
component 701 may be adapted to receive a TAU request from a UE. The
determination component 702 may be adapted to determine whether the UE
is in a fast-moving state when the TAU request is received by the receiving
component 701. The configuration component 703 may be adapted to
configure a TAI list associated with the UE to include only a current TAI
associated with the UE, in response to the determination component 702
determining that the UE is in the fast-moving state. The paging component
704 may be adapted to page the UE using the TAI list configured to
include only the current TAI, in response to the determination component
702 determining that the UE is in the fast-moving state.

In one embodiment, the determination component 702 may be further
adapted to compare a time duration value associated with the UE to a
predetermined duration threshold and to determine that the UE is in the
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fast-moving state if the time duration value is less than the duration
threshold. As an example, the determination component 702 may compare
a duration in which the UE stays in the immediately previous TA to the
duration threshold and determine that the UE is in the fast-moving state if
the duration is less than the duration threshold. As an another example, the
MME may compare an average duration of durations in which the UE stays
in a plurality of immediately previous TAs and determine that the UE i1s in
the fast-moving state if the average duration is less than the duration
threshold.

In one embodiment, the network device 700 may further comprise a
timestamp recording component 705 and a computation component 706.
The timestamp recording component 705 may be adapted, for each of the
previous TAs that the UE entered, to record a first timestamp when a first
TAU request is received by the receiving component 701 from the UE and
to record a second timestamp when a second TAU request is received by
the receiving component 701 from the UE. The computation component
706 may be adapted to compute the duration in which the UE stays in each
of the previous TAs as a difference between the second timestamp for this
previous TA and the first timestamp for this previous TA.

The components 701-706 are illustrated as separate components in
FIG. 7. However, this 1s mercly to indicate that the functionality 1s
separated. The components may be provided as separate elements.
However, other arrangements are possible, e.g., some of them may be
combined as one unit. Any combination of the components may be
implemented in any combination of software, hardware, and/or firmware in
any suitable location. For example, there may be more controllers
configured separately, or just one controller for all of the components.

The components may constitute machine-executable instructions
embodied within a machine, ¢.g., readable medium, which when executed
by a machine will cause the machine to perform the operations described.
Besides, any of the components may be implemented as hardware, such as
an application specific integrated circuit (ASIC), Digital Signal Processor
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(DSP), Field Programmable Gate Array (FPGA) or the like.

Moreover, it should be appreciated that the arrangements described
herein are set forth only as examples. Other arrangements (e.g., more
controllers or more detectors, etc.) may be used in addition to or instead of
those shown, and some components may be omitted altogether.
Functionality and cooperation of these components are correspondingly
described in more detail with reference to Figs. 2 and 3.

Fig. 8 1s a block diagram illustrating a UE 800 according to some
embodiments of the present disclosure. As an example, the UE 800 may act
as the UE 100 as shown in Fig. 1. It should be appreciated that the UE 800
may be implemented using components other than those illustrated in Fig.
8.

With reference to Fig. 8§, the UE 800 may comprise at least a
transmission component 801, a first receiving component 802 and a second
receiving component 803. The transmission component 801 may be
adapted to transmit a TAU update request to a network device, e.g., the
MME. The first receiving component 8§02 may be adapted to receive a TAI
list that is configured to include only a current TAI associated with the UE
800, in a TAU accept message from the network device. The second
receiving component 803 may be adapted to receive a paging message
transmitted based on the TAI list configured to include only the current
TAL

As an example, the TAI list received in the TAU accept message may
be configured in response to determination that the UE 800 is in a
fast-moving state. As a further example, the determination is made based
on a comparison of an average of durations in which the UE 800 stays in
each of a plurality of immediately previous TAs to the duration threshold.
As a still further example, the duration for each of the TAs is computed
based on timestamps corresponding to the TAU requests transmitted by the
UE 800, e.g., timestamps corresponding to receipt of the TAU requests
transmitted when the UE 800 enters and leaves this TA.

The components 801-803 are illustrated as separate components in
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FIG. 8 However, this 1s merely to indicate that the functionality is
separated. The components may be provided as separate elements.
However, other arrangements are possible, e.g., some of them may be
combined as one unit. Any combination of the components may be
implemented in any combination of software, hardware, and/or firmware in
any suitable location. For example, there may be more controllers
configured separately, or just one controller for all of the components.

The components may constitute machine-executable instructions
embodied within a machine, e.g., readable medium, which when executed
by a machine will cause the machine to perform the operations described.
Besides, any of the components may be implemented as hardware, such as
an application specific integrated circuit (ASIC), Digital Signal Processor
(DSP), Field Programmable Gate Array (FPGA) or the like.

Moreover, it should be appreciated that the arrangements described
herein are set forth only as examples. Other arrangements (e.g., more
controllers or more detectors, etc.) may be used in addition to or instead of
those shown, and some components may be omitted altogether.
Functionality and cooperation of these components are correspondingly
described with reference to Fig. 4.

Fig. 9 is a block diagram illustrating a wireless communication system
900 for mobility management according to some embodiments of the
present disclosure. The wireless communication system 900 comprises at
least a network device 901 and a UE 902. In one embodiment, the network
device 901 may act as the network device as depicted in Fig. 5 and
comprise a first processor 911 and a first memory 912 which are
corresponding to the processor 501 and the memory 502 respectively. In
one embodiment, the UE 902 may act as the UE as depicted in Fig. 6 and
comprise a second processor 921 and a second memory 922 which are
corresponding to the processor 601 and the memory 602 respectively.

Some portions of the foregoing detailed description have been
presented in terms of algorithms and symbolic representations of
transactions on data bits within a computer memory. These algorithmic
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descriptions and representations are ways used by those skilled in the data
processing arts to most effectively convey the substance of their work to
others skilled in the art. An algorithm is here, and generally, conceived to be
a sclf-consistent sequence of transactions leading to a desired result. The
transactions are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these signals as bits,
values, clements, symbols, characters, terms, numbers, or the like.

[t should be appreciated, however, that all of these and similar terms are
to be associated with the appropriate physical quantities and are merely
convenient labels applied to these quantities. Unless specifically stated
otherwise as apparent from the above discussion, it is appreciated that
throughout the description, discussions utilizing terms such as "processing"
or "computing" or "calculating" or "determining" or "displaying" or the like,
refer to actions and processes of a computer system, or a similar electronic
computing device, that manipulates and transforms data represented as
physical (electronic) quantities within the computer system's registers and
memories into other data similarly represented as physical quantities within
the computer system memories or registers or other such information storage,
transmission or display devices.

The algorithms and displays presented herein are not inherently related
to any particular computer or other apparatus. Various general-purpose
systems may be used with programs in accordance with the teachings herein,
or it may prove convenient to construct more specialized apparatus to
perform the required method transactions. The required structure for a
variety of these systems will appear from the description above. In addition,
embodiments of the present disclosure are not described with reference to
any particular programming language. It should be appreciated that a variety
of programming languages may be used to implement the teachings of
embodiments of the present disclosure as described herein.
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An embodiment of the present disclosure may be an article of
manufacture in which a non-transitory machine-readable medium (such as
microelectronic memory) has stored thereon instructions (e.g., computer
code) which program one or more data processing components (generically
referred to here as a “processor”) to perform the operations described
above. In other embodiments, some of these operations might be performed
by specific hardware components that contain hardwired logic (e.g.,
dedicated digital filter blocks and state machines). Those operations might
alternatively be performed by any combination of programmed data
processing components and fixed hardwired circuit components.

In the foregoing detailed description, embodiments of the present
disclosure have been described with reference to specific exemplary
embodiments thereof. It will be evident that various modifications may be
made thereto without departing from the spirit and scope of the present
disclosure as set forth in the following claims. The specification and
drawings are, accordingly, to be regarded in an illustrative sense rather than
a restrictive sense.

Throughout the description, some embodiments of the present
disclosure have been presented through flow diagrams. It should be
appreciated that the order of transactions and transactions described in
these flow diagrams are only intended for illustrative purposes and not
intended as a limitation of the present disclosure. One having ordinary skill
in the art would recognize that variations can be made to the flow diagrams
without departing from the spirit and scope of the present disclosure as set
forth in the following claims.
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CLAIMS

1. A method implemented by a network device for mobility
management in a wireless communication network, the network device
communicatively connected to at least a user equipment in the wireless
communication network, the method comprising:

determining (201) whether the user equipment is in a fast-moving
state upon receipt of a tracking area update request from the user
equipment;

in response to the user equipment being in the fast-moving state,

configuring (202, 308) a tracking area identity list associated with
the user equipment to include only a current tracking area identity
associated with the user equipment; and

paging (203, 309) the user equipment using the tracking area
identity list.

2. The method of Claim 1, wherein determining whether the user
equipment is in the fast-moving state further comprises:

comparing (304, 305) a duration value associated with the user
equipment to a predetermined threshold; and

in response to the duration value being less than the threshold,

determining (306, 307) that the user equipment is in the fast-moving state.

3. The method of Claim 2, wherein the duration value 1s a duration in

which the user equipment stays in an immediately previous tracking area.

4. The method of Claim 2, wherein the duration value is an average of
durations in which the user equipment stays in each of a plurality of

immediately previous tracking areas.

5. The method of Claim 3 or 4, further comprising:
for each of the previous tracking areas,
221 -
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obtaining (301) a first timestamp when receiving a first tracking
arca update request from the user equipment, and

obtaining (302) a second timestamp when receiving a second
tracking arca update request from the user equipment,

wherein the duration in which the user equipment stays in this
previous tracking area is computed (303) as a difference between the

second timestamp and the first timestamp.

6. A method implemented by a user equipment for mobility
management in a wircless communication network, the user equipment
communicatively connected to at least a network device in the wireless
communication network, the method comprising:

transmitting (401) a tracking area update request to the network
device;

receiving (402) a tracking area identity list that is configured to
include only a current tracking area identity associated with the user
equipment, in an accept message from the network device; and

receiving (403) a paging message transmitted based on the tracking

area identity list.

7. The method of Claim 6, wherein the tracking arca identity list is
configured in response to determining that the user equipment is in a
fast-moving state based on a comparison of an average of durations in
which the user equipment stays in each of a plurality of immediately
previous tracking areas to a predetermined threshold.

8. The method of Claim 7, wherein the durations are computed based
on timestamps corresponding to the tracking area update requests

transmitted from the user equipment.

9. A network device (500) for mobility management in a wireless
communication network, the network device communicatively connected
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to at least a user equipment in the wireless communication network, and
comprising:
a processor (501); and
a memory (502) communicatively coupled to the processor and
adapted to store instructions which, when executed by the processor, cause
the network device to perform operations of:
determining whether the user equipment is in a fast-moving state
upon receipt of a tracking area update request from the user equipment;
in response to the user equipment being in the fast-moving state,
configuring a tracking areca identity list associated with the
user equipment to include only a current tracking area identity associated
with the user equipment; and
paging the user equipment using the tracking area identity
list.

10. The network device of Claim 9, wherein the instructions, when
executed by the processor, cause the network device to determine whether
the user equipment is in the fast-moving state by:

comparing a duration value associated with the user equipment to a
predetermined threshold; and

in response to the duration value being less than the threshold,

determining that the user equipment is in the fast-moving state.

11. The network device of Claim 10, wherein the duration value 1s a
duration in which the user equipment stays in an immediately previous

tracking area.

12. The network device of Claim 10, wherein the duration value is an
average of durations in which the user ecquipment stays in each of a

plurality of immediately previous tracking areas.

13. The network device of Claim 11 or 12, wherein the instructions,
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when executed by the processor, cause the network device to perform
further operations of:
for each of the previous tracking areas,

obtaining a first timestamp when receiving a first tracking arca
update request from the user equipment,

obtaining a second timestamp when receiving a second tracking
area update request from the user equipment, and

computing the duration in which the user equipment stays in this
previous tracking area as a difference between the second timestamp for
this previous tracking arca and the first timestamp for this previous

tracking area.

14. A user equipment (600) for mobility management in a wireless
communication network, the user equipment communicatively connected
to at least a network device in the wireless communication network, and
comprising:

a processor (601); and

a memory (602) communicatively coupled to the processor and
adapted to store instructions which, when executed by the processor, cause
the user equipment to perform operations of:

transmitting a tracking area update request to the network device;

receiving a tracking area identity list that is configured to include
only a current tracking area identity associated with the user equipment, in
an accept message from the network device; and

receiving a paging message transmitted based on the tracking area
identity list.

15. The user equipment of Claim 14, wherein the tracking area
identity list is configured in response to determining that the user
equipment is in a fast-moving state based on a comparison of an average of
durations in which the user equipment stays in each of a plurality of
immediately previous tracking areas to a predetermined threshold.
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16. The user equipment of Claim 15, wherein the durations are
computed based on timestamps corresponding to the tracking area update

requests transmitted from the user equipment.

17. A wireless communication system (900) for mobility management,
comprising at least a network device (901) and a user equipment (902)
communicatively connected to each other,

wherein the network device comprises:

a first processor (911); and

a first memory (912) communicatively coupled to the first processor
and adapted to store instructions which, when executed by the first
processor, cause the network device to perform operations of:

determining whether the user equipment is in a fast-moving state
upon receipt of a tracking area update request from the user equipment;
1n response to the user equipment being in the fast-moving state,
configuring a tracking area identity list associated with the
user equipment to include only a current tracking area identity associated
with the user equipment; and
paging the user equipment using the tracking area identity
list; and

wherein the user equipment comprises:

a second processor (921); and

a second memory (922) communicatively coupled to the second
processor and adapted to store instructions which, when executed by the
second processor, cause the user equipment to perform operations of:

transmitting the tracking area update request to the network
device;
receiving the tracking area 1dentity list in an accept message from
the network device; and
receiving a paging message transmitted based on the tracking arca
identity list.
-25-
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18. A non-transitory computer readable medium having a computer
program stored thereon which, when executed by a set of one or more
processors of a network device for mobility management, causes the
network device to perform operations of the method of any of Claims 1 to
5.

19. A non-transitory computer readable medium having a computer
program stored thereon which, when executed by a set of one or more
processors of a user equipment, causes the user equipment to perform

operations of the method of any of Claims 6 to 8.

-26 -



WO 2019/090652

PCT/CN2017/110329

1/5

tou f Tracking areassexrvﬂ‘d\
BE ﬁ g

R R

#

Sitrond
353

LB

7

by one MME

Fig. 1

Determining whether the UE is in a fast-

/201
moving state upon receipt of a TAU request
from the UE

In response to determination that the UE is in

202

the fast-moving state, configuring a TAI list

associated with the UE to include only a
current TAI for the UE

|

— 203
Paging the UE using the TAI list including
only the current TAI

Fig. 2



WO 2019/090652

304

2/5

Obtaining, for each of the previous TAs, a
first timestamp when receiving a first TAU
request from the UE

!

Obtaining, for each of the previous TAs, a
second timestamp when receiving a second
TAU request from the UE

Computing a duration in which the UE stays
in this TA as a difference between the second

timestamp and the first timestamp

Comparing a duration in which the UE
stays in the immediately previous TA to
the duration threshold

PCT/CN2017/110329

ﬁ 300

305

306

Comparing an average of durations in
which the UE stays in a plurality of
immediately previous TAs to the duration

A 4
Determining that the UE is in the fast-
moving state if the duration is less than
the duration threshold

307

Determining that the UE is in the fast-
moving state if the average is less than
the duration threshold

Configuring the TAI list to include only the

current TAT

A 4

Paging the UE using the TAI list including

only the current TAI

Fig. 3

308

309



WO 2019/090652 PCT/CN2017/110329

3/5

ﬁ 400

401
Transmitting a TAU request to the MME

Receiving a TAU accept message from the — 402

MME including a TAI list that includes only
the current TAI for the UE

}

Receiving a paging message transmitted based |/ 403
on the TAI list including only the current TAI

Fig. 4
ﬁ 500
Network Device
1
e 504 30
503 Processor
Network S0
Interface
Memory

Fig. 5



WO 2019/090652

PCT/CN2017/110329

4/5

S 600

601

User Equipment
|~ 604

Processor

603

Network

Memory

Inferface

Fig. 6

yan 700

Receiving Component

Configuration Component

Timestamp Recording
Component

Network Device

701

703

705

702

Determination Component

704

Paging Component

706

Computation Component

Fig. 7



WO 2019/090652

PCT/CN2017/110329
5/5
Ve 800
User Equipment
801
Transmission Component
802 803
First Receiving Component Second Receiving Component

/902

User Equipment

921

Second Processor

Fig. 8

/e 900

Wireless Communication
System

/901

Network Device

}

Second Memory

5

911

First Processor

/912

First Memory

Fig. 9




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2017/110329

A. CLASSIFICATION OF SUBJECT MATTER
HO4W 60/00(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W; HO4Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,CNKLEPODOC,WPL3GPP:tracking area,TA,updat+identity list,fast,high speed,only,one,current

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 102045834 A (DATANG MOBILE COMMUNICATIONS EQUIPMENT CO., LTD.) 1-5, 7-13, 15-18
04 May 2011 (2011-05-04)
description, paragraphs [0003], [0031]-[0038], [0052]

X CN 102045834 A (DATANG MOBILE COMMUNICATIONS EQUIPMENT CO., LTD.) 6, 14, 19
04 May 2011 (2011-05-04)
description, paragraphs [0003], [0031]-[0038], [0052]

A CN 102457936 A (CHINA MOBILE COMMUNICATIONS CORPORATION SHANGHAI 1-19
COMPANY LIMITED) 16 May 2012 (2012-05-16)
the whole document

A US 2010075698 Al (TELEFONAKTIEBOLAGET LM ERICSSON PUBL) 25 March 2010 1-19
(2010-03-25)
the whole document

A WO 2012105878 A1 (TELEFONAKTIEBOLAGET LM ERICSSON PUBL) 09 August 2012 1-19
(2012-08-09)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

#  Special categories of cited documents: “T7 later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” ?ﬁalmef dipplication or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
tling date ) o ) o when the document is taken alone
“L d_ocgment Wl_l;llc'hhmtﬁy thfgl‘.’“ dqubt(si;n p;lorltyhclalm(s)_ or Whlc{‘h 18wy document of particular relevance; the claimed invention cannot be
cited tlo establish the Pfl.l dlcatlon te of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“Q” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 June 2018 20 July 2018
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROFERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing TIAN,Tao
100088
China
Facsimile No. (86-10)62019451 Telephone No. 86-(10)-53961637

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2017/110329

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 102045834 A 04 May 2011 None
CN 102457936 A 16 May 2012 None
us 2010075698 Al 25 March 2010 WO 2010036182 Al 01 April 2010
WO 2012105878 Al 09 August 2012 US 2012195255 Al 02 August 2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

