woO 2008/082193 A1 |00 00 00 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2008/082193 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
10 July 2008 (10.07.2008)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO4B 7/26 (2006.01) kind of national protection available): AE, AG, AL, AM,

(21) International Application Number: AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
PCT/KR2007/006953 CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,

(22) International Filing Date:
28 December 2007 (28.12.2007)

(25) Filing Language: English MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,

(26) Publication Language: English PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,

(30) Priority Data: SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
60/383,503 4 January 2007 (04.01.2007) US ZA,IM, ZW.

(71) Applicant (for all designated States except US): LG
ELECTRONICS INC. [KR/KR]; 20, Yeouido-Dong,

Yeongdeungpo-Gu, Seoul 150-721 (KR). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(72) Inventor; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(75) Inventor/Applicant (for US only): FISCHER, Patrick ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
[DE/FR]; 117, Avenue des Nations - BP 69012, Villepinte, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
Roissy CDG Cedex, F-95970 Paris (FR) FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,

(74) Agent: PARK, Jang-Won; Jewoo Bldg. 5th Floor, 200, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
Nonhyun-Dong, Gangnam-Gu, Seoul 135-010 (KR). GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: TRACKING AREA CHOICE

E IM——M@ (57) Abstract: Methods and a mobile

5112 UE is assignid a set A of S110UE s a_sslgned_a_ set A of allowed Tas, termlna.ll for tr%Cklng z'lrea mal.lageln.ent of
allowed TAs, ahd possibly and possibly additional parameters a mobile terminal using a discontinuous
aFd“i""a' pargmeters reception (DRX) mode are provided.

FBT14 UE selects a cellfor camping if ot already done] By having the mobile terminal indicate
5116 UE receives required information to the network related to the
Slfsi?ﬁfy"?é'é?t?éfa'l gggameters cells and / or tracking areas on which the
[5118 Broadcast set B of TAs, mobile terminal has camped, selection
and other parometers of the most suitable tracking areas for the

[5120 UE assigned a set A of one or morel mobile terminal is facilitated.

TA Ids, selected celi 1 as serving cell

and is aware of TAs of cell 1

I I
121 UE gathers data based on rules and
parameters

S122 Broadcast set C of TAs, and possibly
) other pa ra[neters
] {
5124 UE reselects cell 2, where no TA of thi
UEs assigned in the set A is listed in the
list of TAs in cell 2

I
5126 UE initiates a tracking area update in order to request
a list of new tracking areas, including additional data to
assist the network to assign a new tracking area

T 1
127 Node B creates additional information
based on the information received from the Ul

5128 Cell 2 forwards the  tracking area
update, possibly including information on
the TAs neighboring cells, including
ladditional data to assist the network to
assign a new tracking area from the UE N

from Cell 2 and history of TA updates and|
informatic'm received from the UE

S132 TA update response including list of

new TAs and possibly new parameters
LSL34 TA update response including a list of allowed | possily 1 -

TAs, and Possibly additjunal parameters |
! | ' |

Uu Uu u

|5130 Assign new TAs based on information




WO 2008/082193 A1 NI DA0 00 00000100 00 O

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments



[1]

[2]

[3]

[4]

[5]

[6]

[7]

WO 2008/082193 PCT/KR2007/006953

Description
TRACKING AREA CHOICE

Disclosure of Invention

Technical Solution

This application claims the benefit of U.S. Provisional Application Serial No.
60/883,503 filed on January 4, 2007, the contents of which is hereby incorporated by
reference herein in its entirety.

The present invention is directed to a discontinuous reception (DRX) mode of a
mobile terminal and, specifically, to tracking area management methods for a mobile
terminal.

A universal mobile telecommunication system (UMTS) is a European-type, third
generation IMT-2000 mobile communication system that has evolved from a European
standard known as Global System for Mobile communications (GSM). UMTS is
intended to provide an improved mobile communication service based upon a GSM
core network and wideband code division multiple access (W-CDMA) wireless
connection technology. In December 1998, a Third Generation Partnership Project
(3GPP) was formed by the ETSI of Europe, the ARIB/TTC of Japan, the T1 of the
United States, and the TTA of Korea. The 3GPP creates detailed specifications of
UMTS technology.

In order to achieve rapid and efficient technical development of the UMTS, five
technical specification groups (TSG) have been created within the 3GPP for stand-
ardizing the UMTS by considering the independent nature of the network elements and
their operations. Each TSG develops, approves, and manages the standard specification
within a related region. The radio access network (RAN) group (TSG-RAN) develops
the standards for the functions, requirements, and interface of the UMTS terrestrial
radio access network (UTRAN), which is a new radio access network for supporting
W-CDMA access technology in the UMTS.

FIG. 1 provides an overview of a UMTS network. The UMTS network includes a
mobile terminal or user equipment (UE) 1, a UTRAN 2 and a core network (CN) 3.

The UTRAN 2 includes several radio network controllers (RNCs) 4 and NodeBs 5
that are connected via the Tub interface. Each RNC 4 controls several NodeBs 5. Each
NodeB 5 controls one or several cells, where a cell covers a given geographical area on
a given frequency.

Each RNC 4 is connected via the Iu interface to the CN 3 or towards the mobile
switching center (MSC) 6 entity of the CN and the general packet radio service
(GPRS) support Node (SGSN) 7 entity. RNCs 4 can be connected to other RNCs via
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the Iur interface. The RNC 4 handles the assignment and management of radio
resources and operates as an access point with respect to the CN 3.

The NodeBs 5 receive information sent by the physical layer of the UE 1 via an
uplink and transmit data to the UE 1 via a downlink. The Node-Bs 5 operate as access
points of the UTRAN 2 for the UE 1.

The SGSN 7 is connected to the equipment identity register (EIR) 8 via the Gf
interface, to the MSC 6 via the GS interface, to the gateway GPRS support node
(GGSN) 9 via the GN interface, and to the home subscriber server (HSS) via the Gy
interface.

The EIR & hosts lists of UEs 1 that are allowed to be used on the network. The EIR 8
also hosts lists of UEs 1 that are not allowed to be used on the network.

The MSC 6, which controls the connection for circuit switched (CS) services, is
connected towards the media gateway (MGW) 11 via the Nj interface, towards the EIR
8 via the F interface, and towards the HSS 10 via the D interface.

The MGW 11 is connected towards the HSS 10 via the C interface and also to the
public switched telephone network (PSTN). The MGW 11 also allows the codecs to
adapt between the PSTN and the connected RAN.

The GGSN 9 is connected to the HSS 10 via the G interface and to the Internet via
the Gyinterface. The GGSN 9 is responsible for routing, charging and separation of
data flows into different radio access bearers (RABs). The HSS 10 handles the sub-
scription data of users.

The UTRAN 2 constructs and maintains an RAB for communication between a UE 1
and the CN 3. The CN 3 requests end-to-end quality of service (QoS) requirements
from the RAB and the RAB supports the QoS requirements set by the CN 3. Ac-
cordingly, the UTRAN 2 can satisfy the end-to-end QoS requirements by constructing
and maintaining the RAB.

The services provided to a specific UE 1 are roughly divided into CS services and
packet switched (PS) services. For example, a general voice conversation service is a
CS service and a Web browsing service via an Internet connection is classified as a PS
service.

The RNCs 4 are connected to the MSC 6 of the CN 3 and the MSC is connected to
the gateway MSC (GMSC) that manages the connection with other networks in order
to support CS services. The RNCs 4 are connected to the SGSN 7 and the gateway
GGSN 9 of the CN 3 to support PS services.

The SGSN 7 supports packet communications with the RNCs. The GGSN 9 manages
the connection with other packet switched networks, such as the Internet.

FIG. 2 illustrates a structure of a radio interface protocol between a UE 1 and the
UTRAN 2 according to the 3GPP radio access network standards. As illustrated In



WO 2008/082193 PCT/KR2007/006953

[19]

[20]

[21]

[22]

[23]

[24]

3

FIG. 2, the radio interface protocol has horizontal layers comprising a physical layer, a
data link layer, and a network layer, and has vertical planes comprising a user plane
(U-plane) for transmitting user data and a control plane (C-plane) for transmitting
control information. The U-plane is a region that handles traffic information with the
user, such as voice or Internet protocol (IP) packets. The C-plane is a region that
handles control information for an interface with a network as well as maintenance and
management of a call. The protocol layers can be divided into a first layer (L1), a
second layer (L2), and a third layer (L.3) based on the three lower layers of an open
system interconnection (OSI) standard model.

The first layer (L1), or physical layer, provides an information transfer service to an
upper layer by using various radio transmission techniques. The physical layer is
connected to an upper layer, or medium access control (MAC) layer, via a transport
channel. The MAC layer and the physical layer exchange data via the transport
channel.

The second layer (L.2) includes a MAC layer, a radio link control (RLC) layer, a
broadcast/multicast control (BMC) layer, and a packet data convergence protocol
(PDCP) layer. The MAC layer handles mapping between logical channels and
transport channels and provides allocation of the MAC parameters for allocation and
re-allocation of radio resources. The MAC layer is connected to an upper layer, or the
radio link control (RLC) layer, via a logical channel.

Various logical channels are provided according to the type of information
transmitted. A control channel is generally used to transmit information of the C-plane
and a traffic channel is used to transmit information of the U-plane. A logical channel
may be a common channel or a dedicated channel depending on whether the logical
channel is shared.

One of the most crucial functions in a mobile communication system is efficient
power saving states for the UE 1 and efficient use of radio resources. This is addressed
in many cases by a discontinuous reception (DRX) mode when the UE 1 is inactive.
Allowing the UE 1 to switch on its receiver only occasionally can reduce battery con-
sumption.

The UTRAN 2 sends a short message, such as a paging message, to the UE 1 in order
to wake up the UE and trigger establishment of a connection between the UE and the
UTRAN when the UTRAN needs to access the UE. The mobility of the UE 1 must be
effectively controlled in order for the network to send a paging message on the cell on
which the UE is listening. Therefore, mobility procedures have been created.

Each UE 1 performing DRX is assigned an area within which it is allowed to move
without updating the network when it changes the cell it is listening to. Each of these

area codes is referred to as a Location Area (LA) assigned by the MSC 6 or a Routing
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Area (RA) that is assigned to the UE 1 by the SGSN 7 or a UMTS Routing Area
(URA) that is assigned to the UE by the RNC 4 assigns each LA to the UE.

Each cell in a UMTS system indicates to the UE 1 via system information the LA,
RA or URA to which the cell belongs. A UE 1 using a DRX mode can change to any
cell indicated as belonging to the LA, RA or URA to which the UE has been assigned.
On the other hand, the UE 1 contacts the UTRAN 2 in order to indicate that it has
changed location when the UE changes to a cell that is not indicated as belonging to
the LA, RA or URA to which the UE has been assigned.

Therefore, the UTRAN 2 needs only to send the paging message via the cells that
belong to the LA, RA or URA to which the UE 1 has been assigned in order to contact
the UE and radio resources are used only on the set of cells on which the UE is re-
gistered. Furthermore, the UE 1 does not need to update its location at each change of
cell.

The number of cells that belong to a LA, RA or URA is a trade-off between the
frequency of the update that the UE 1 must perform and the number of cells on which
the paging message must be sent. For example, the UE 1 will not need to contact the
URTRAN 2 frequently but the paging message must be sent from many cells on which
the UE might camp if an LA, RA or URA contains many cells. On the other hand, the
UE will need to frequently contact the UTRAN 2 to indicate that it has left its assigned
LA, RA or URA but the paging message only needs to be sent to few cells if an LA,
RA, URA contains only a few cells.

Another reason for the UE 1 to perform a location area update is a periodic location
area update. The UE 1 and the UTRAN 2 start a timer having a value known to both
the UTRAN and the UE when the UE 1 has performed a location area update. The UE
performs another location area update upon expiration of the timer.

The UTRAN 2 can detect that the UE 1 is no longer available when the UTRAN
detects that the UE has not performed a location area update after the timer has
expired. The UE 1 may no longer be available because the UE is out of the coverage
area or when the UE is switched off, for example, due to battery problems. The
UTRAN 2 can choose a slightly higher timer value before the UE 1 is determined as
unavailable in order to allow for some delay in the location area update.

One cell can belong to only one LA and to only one RA in the UMTS system. One
cell in a UMTS system can belong to several URAs. Therefore, one cell may belong to
one LA, one RA, and one or more URAs.

The long-term evolution (LTE) of UMTS is under discussion by the 3rd generation
partnership project (3GPP) that standardized UMTS. The 3GPP LTE is a technology
for enabling high-speed packet communications. Many schemes have been proposed

for the LTE objective including those that aim to reduce user and provider costs,
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improve service quality, and expand and improve coverage and system capacity

FIG. 3 illustrates the architecture of an LTE system. Each aGW 115 is connected to
one or several access Gateways (aGW) 115. An aGW 115 is connected to another
Node (not shown) that allows access to the Internet and / or other networks, such as
GSM, UMTS, and WLAN.

The 3G LTE requires reduced cost per bit, increased service availability, flexible use
of frequency bands, a simple structure, an open interface, and adequate power con-
sumption of a terminal as an upper-level requirement. Generally, The UTRAN 2 cor-
responds to E-UTRAN (Evolved-UTRAN). The NodeB 5 and / or RNC 4 correspond
to e-NodeB (eNB) in the LTE system.

The principle of a TA update is illustrated in FIG. 4. FIG. 5 illustrates an example of
cells and TAs. The example in FIG. 5 illustrates 14 cells including hierarchal and
overlaying tracking areas.

The mobility of the UE 1 in DRX mode is controlled by the aGW 115 in LTE. The
aGW 115 assigns a TA (Tracking Area) identity to the UE 1 and each cell broadcasts
TA identities. Each aGW 115 can manage several cells, which are distinguished by the
fact that they transmit in a given frequency and in a geographical area. Different
combinable strategies are investigated in LTE.

Generally, each cell can belong to one or several TAs and the TAs can be organized
hierarchically or overlapping. There is no restriction as to which cell belongs to a TA
with overlapping TAs. However, one TA, such as TAg on a lower hierarchical level,
includes only cells that are contained in a TA, such as TA, on a higher hierarchical
level, which results in the relations between TAs being managed differently. The
principles for mobility management when a UE 1 is assigned a TA or when the UE 1
leaves a TA in LTE is the same as in UMTS.

Another principle investigated is to assign to one UE 1 multiple TAs. The UE 1 does
not have to perform a TA update as long as the UE is under the coverage of a TA to
which it has been assigned. This saves resources for the broadcast of the TAs from the
aGW 115, but increases the resources that are needed to assign multiple TAs to the UE
1. One inconvenience is that the entity that assigns the TAs must have some
knowledge regarding the geographical coverage and neighborhood relations of the
TAs.

As illustrated in FIG. 5, TAA includes one cell with the number 1, TAg includes cell
5 and TApincludes cells 6, 7 and 10, and is overlapping with TAg, that includes cells 9,
10 and 13. Therefore, cell 10 is assigned multiple tracking areas, specifically TAp and
TAg. Further as illustrated in FIG. 5, TA¢ includes cell 10 and TAgy and TA¢ can be
seen as an example of hierarchical tracking areas. Moreover, as illustrated in FIG. 5,
TAgincludes cells 8, 11 and 12.
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If a UE 1 is assigned TAg, TAp and TAc in the example illustrated in FIG. 5, the UE
does not need to perform a TA update as long as the UE is under the coverage of one
of cells 5,9, 10 and 13. However, the UE 1 must contact the aGW 115 in order to be
assigned a suitable TA as soon as the UE is under the coverage of any other cell.

The aGW 115 and the UE 1 must negotiate the most suitable area if a cell of a mobile
communication system belongs to different areas used for mobility management. The
aGW 115 requires extensive information related to the mobility and activity of the UE
1 as well as the network topology and the geographical split of the network in order to
decide the most suitable tracking area.

A UE 1 facilitates efficient resource handling in a mobile communication system
generally by moving between an active state and an inactive state. UE 1 mobility is
controlled by the aGW 115 and the UE position is exactly known by the aGW in the
active state. The UE 1 controls mobility and performs DRX and the location of the UE
is known only on a cell group basis according to a cell group identifier (CGI) such as
LA, RA, URA or TA in the inactive state. Although the subsequent description is with
respect to only TA, it is to be understood that any of LA, RA, URA, TA, or any other
type of identifier or even a cell identifier may be used to identify a set of at least one
cell.

It is important to choose the most suitable TAs in order to allow an efficient use of
radio and network resources and to reduce the UE 1 battery consumption when a cell
can belong to different TAs or where a UE can be assigned a set of TAs. In principle
the aGW 115 can keep track of the TAs to which the UE 1 was connected when the UE
initiates an update of the assigned TA list. Therefore, the aGW 115 can analyze the
mobility pattern of the UE 1 and assign the most suitable TAs to the UE.

There are several disadvantages with conventional methods. It is not possible for the
aGW 115 to know in which cell a UE 1 is located if the UE is assigned to one or more
TAs or a TA includes more than one cell. Furthermore, the aGW 115 has no
knowledge of the cells into which the UE 1 is moving if the UE moves inside a group
of cells that are assigned to the UE as allowed cells within which the UE may move
without triggering a TA update procedure. Moreover, the aGW 115 may not want to or
be able to keep track of the former TAs allocated to the UE1. Moreover, the aGW may
not have knowledge regarding the geographical areas covered by the TAs and the rela-
tionship between the coverage of different TAs.

In one aspect of the present invention, a method of updating a location of a mobile
terminal is provided. The method includes receiving a first assignment of at least one
tracking area within which the mobile terminal is allowed to move without performing
a tracking area update, the at least one tracking area including a first group of one or

more communication cells and performing a tracking area update process upon the oc-
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currence of a trigger condition by transmitting information corresponding to at least
one of movement of the mobile terminal, one or more communication cells and one or
more tracking areas.

It is contemplated that the method further includes receiving a second assignment of
at least one tracking area within which the mobile terminal is allowed to move without
performing a tracking area update. It is further contemplated that the second as-
signment of at least one tracking area is based on the transmitted information.

It is contemplated that the transmitted information includes at least one of the identity
of each of a specified number of most recent communication cells selected by the
mobile terminal, the identity of each tracking area that includes each of a specified
number of most recent communication cells selected by the mobile terminal, the
identity of each communication cell selected by the mobile terminal during a specified
immediately previous time interval, the times at which the mobile terminal selected
each communication cell that was selected during a specified immediately previous
time interval, the identity of each tracking area that includes a communication cell
selected by the mobile terminal during a specified immediately previous time interval,
the times during a specified immediately previous time interval at which the mobile
terminal selected a communication cell not included in any tracking area in which the
immediately previous selected communication cell was included, the speed at which
the mobile communication terminal is moving, the direction in which the mobile com-
munication terminal is moving, the frequency of transitions between communication
cells, the frequency of transitions between tracking areas, for each tracking area
assigned to the mobile terminal, the last time at which the mobile terminal selected a
communication cell included in the corresponding assigned tracking area, for each
tracking area assigned to the mobile terminal, the last time at which the mobile
terminal selected a communication cell not included in the corresponding assigned
tracking area, for each tracking area that includes the currently selected communication
cell, the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected com-
munication cell and for each communication cell that is a neighbor to the currently
selected communication cell, the tracking areas that include the corresponding
neighbor communication cell. It is further contemplated that the method further
includes receiving an indication of a type of the information to transmit.

It is contemplated that the indication of the type of the information to transmit is
received with the first assignment of at least one tracking area. It is further con-
templated that the indication of the type of the information to transmit is received with
a second assignment of at least one tracking area.

It is contemplated that the trigger condition includes the mobile communication
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terminal moving to a communication cell not included in the first assigned at least one
tracking area. It is further contemplated that the trigger condition is the elapse of a
specified time since performing a most recent tracking area update process. Preferably,
the trigger condition is the mobile communication terminal remaining within a com-
munication cell for greater than a specific amount of time.

In another aspect of the present invention, a method of updating a location of a
mobile terminal is provided. The method includes transmitting a first assignment of at
least one tracking area within which the mobile terminal is allowed to move without
performing a tracking area update, the at least one tracking area including a first group
of at least one communication cell and receiving information corresponding to at least
one of movement of the mobile terminal, one or more communication cells and one or
more tracking areas.

It is contemplated that the method further includes transmitting a second assignment
of at least one tracking area within which the mobile terminal is allowed to move
without performing a tracking area update. It is further contemplated that the second
assignment of at least one tracking area is based on the received information.

It is contemplated that the method further includes receiving the first assignment of at
least one tracking area from a core network. It is further contemplated that the method
further includes receiving the second assignment of at least one tracking area from a
core network.

It is contemplated that the received information includes at least one of the identity of
each of a specified number of most recent communication cells selected by the mobile
terminal, the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal, the identity of each
communication cell selected by the mobile terminal during a specified immediately
previous time interval, the times at which the mobile terminal selected each commu-
nication cell that was selected during a specified immediately previous time interval,
the identity of each tracking area that includes a communication cell selected by the
mobile terminal during a specified immediately previous time interval, the times
during a specified immediately previous time interval at which the mobile terminal
selected a communication cell not included in any tracking area in which the im-
mediately previous selected communication cell was included, the speed at which the
mobile communication terminal is moving, the direction in which the mobile commu-
nication terminal is moving, the frequency of transitions between communication cells,
the frequency of transitions between tracking areas, for each tracking area assigned to
the mobile terminal, the last time at which the mobile terminal selected a commu-
nication cell included in the corresponding assigned tracking area, for each tracking

area assigned to the mobile terminal, the last time at which the mobile terminal
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selected a communication cell not included in the corresponding assigned tracking
area, for each tracking area that includes the currently selected communication cell, the
last time at which the mobile terminal selected a communication cell not included in
the corresponding tracking area that includes the currently selected communication cell
and for each communication cell that is a neighbor to the currently selected commu-
nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell. It is further contemplated that the method further includes transmitting an
indication of a type of the information to transmit.

It is contemplated that the indication of the type of the information to transmit is
transmitted with the first assignment of at least one tracking area. It is further con-
templated that the indication of the type of the information to transmit is transmitted
with a second assignment of at least one tracking area.

It is contemplated that the method further includes transmitting the received in-
formation to a core network. It is further contemplated that the method further includes
determining an amount of the received information to transmit according to the
geography of a communication cell currently selected by the mobile communication
terminal.

It is contemplated that the received information is received from a network node. It is
further contemplated that the method further includes adding additional information to
the received information, transmitting the received information and additional in-
formation to a core network.

In another aspect of the present invention, a mobile terminal for updating its location
is provided. The mobile terminal includes a transmitting/receiving unit transmitting
and receiving information, a display unit displaying user interface information, an
input unit receiving inputs from a user and a processing unit processing received in-
formation including a first assignment of at least one tracking area within which the
mobile terminal is allowed to move without performing a tracking area update, the at
least one tracking area including a first group of one or more communication cells and
performing a tracking area update process upon the occurrence of a trigger condition
by controlling the transmitting/receiving unit to transmit information corresponding to
at least one of movement of the mobile terminal, one or more communication cells and
one or more tracking areas.

It is contemplated that the processing unit further processes received information
including a second assignment of at least one tracking area within which the mobile
terminal is allowed to move without performing a tracking area update. It is further
contemplated that the second assignment of at least one tracking area is based on the
transmitted information.

It is contemplated that the transmitted information includes at least one of the identity
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of each of a specified number of most recent communication cells selected by the
mobile terminal, the identity of each tracking area that includes each of a specified
number of most recent communication cells selected by the mobile terminal, the
identity of each communication cell selected by the mobile terminal during a specified
immediately previous time interval, the times at which the mobile terminal selected
each communication cell that was selected during a specified immediately previous
time interval, the identity of each tracking area that includes a communication cell
selected by the mobile terminal during a specified immediately previous time interval,
the times during a specified immediately previous time interval at which the mobile
terminal selected a communication cell not included in any tracking area in which the
immediately previous selected communication cell was included, the speed at which
the mobile communication terminal is moving, the direction in which the mobile com-
munication terminal is moving, the frequency of transitions between communication
cells, the frequency of transitions between tracking areas, for each tracking area
assigned to the mobile terminal, the last time at which the mobile terminal selected a
communication cell included in the corresponding assigned tracking area, for each
tracking area assigned to the mobile terminal, the last time at which the mobile
terminal selected a communication cell not included in the corresponding assigned
tracking area, for each tracking area that includes the currently selected communication
cell, the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected com-
munication cell and for each communication cell that is a neighbor to the currently
selected communication cell, the tracking areas that include the corresponding
neighbor communication cell. It is further contemplated that the processing unit further
processes received information including an indication of a type of the information to
transmit.

It is contemplated that the indication of the type of the information to transmit is
received with the first assignment of at least one tracking area. It is further con-
templated that the indication of the type of the information to transmit is received with
a second assignment of at least one tracking area.

It is contemplated that the trigger condition includes the mobile communication
terminal moving to a communication cell not included in the first assigned at least one
tracking area. It is further contemplated that the trigger condition is the elapse of a
specified time since performing a most recent tracking area update process. Preferably,
the trigger condition is the mobile communication terminal remaining within a com-
munication cell for greater than a specific amount of time.

In another aspect of the present invention, a network for updating a location of a

mobile terminal is provided. The network includes a transmitter transmitting messages
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to the mobile terminal, a receiver receiving messages from the mobile terminal and a
controller controlling the transmitter to transmit a first assignment of at least one
tracking area within which the mobile terminal is allowed to move without performing
a tracking area update, the at least one tracking area including a first group of at least
one communication cell and processing received information corresponding to at least
one of movement of the mobile terminal, one or more communication cells and one or
more tracking areas.

It is contemplated that the controller further controls the transmitter to transmit a
second assignment of at least one tracking area within which the mobile terminal is
allowed to move without performing a tracking area update. It is further contemplated
that the second assignment of at least one tracking area is based on the received in-
formation.

It is contemplated that the first assignment of at least one tracking area is received
from a core network. It is further contemplated that the second assignment of at least
one tracking area is received from a core network.

It is contemplated that the received information includes at least one of the identity of
each of a specified number of most recent communication cells selected by the mobile
terminal, the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal, the identity of each
communication cell selected by the mobile terminal during a specified immediately
previous time interval, the times at which the mobile terminal selected each commu-
nication cell that was selected during a specified immediately previous time interval,
the identity of each tracking area that includes a communication cell selected by the
mobile terminal during a specified immediately previous time interval, the times
during a specified immediately previous time interval at which the mobile terminal
selected a communication cell not included in any tracking area in which the im-
mediately previous selected communication cell was included, the speed at which the
mobile communication terminal is moving, the direction in which the mobile commu-
nication terminal is moving, the frequency of transitions between communication cells,
the frequency of transitions between tracking areas, for each tracking area assigned to
the mobile terminal, the last time at which the mobile terminal selected a commu-
nication cell included in the corresponding assigned tracking area, for each tracking
area assigned to the mobile terminal, the last time at which the mobile terminal
selected a communication cell not included in the corresponding assigned tracking
area, for each tracking area that includes the currently selected communication cell, the
last time at which the mobile terminal selected a communication cell not included in
the corresponding tracking area that includes the currently selected communication cell

and for each communication cell that is a neighbor to the currently selected commu-
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nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell. It is further contemplated that the controller further controls the
transmitter to transmit an indication of a type of the information that is to be received.

It is contemplated that the indication of the type of the information that is to be
received is transmitted with the first assignment of at least one tracking area. It is
further contemplated that the indication of the type of the information that is to be
received is transmitted with a second assignment of at least one tracking area.

It is contemplated that the controller further controls the transmitter to transmit the
received information to a core network. It is further contemplated that the controller
further determines an amount of the received information to transmit according to
geography of a communication cell currently selected by the mobile communication
terminal.

It is contemplated that the received information is received from a network node. It is
further contemplated that the controller further adds additional information to the
received information and controls the transmitter to transmit the received information
and additional information to a core network.

Additional features and advantages of the invention will be set forth in the de-
scription which follows, and in part will be apparent from the description, or may be
learned by practice of the invention. It is to be understood that both the foregoing
general description and the following detailed description of the present invention are
exemplary and explanatory and are intended to provide further explanation of the
invention as claimed.

These and other embodiments will also become readily apparent to those skilled in
the art from the following detailed description of the embodiments having reference to
the attached figures, the invention not being limited to any particular embodiments
disclosed.

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this specification, il-
lustrate embodiments of the invention and together with the description serve to
explain the principles of the invention. Features, elements, and aspects of the invention
that are referenced by the same numerals in different figures represent the same,
equivalent, or similar features, elements, or aspects in accordance with one or more
embodiments.

FIG. 1 illustrates an overview of a UMTS network.

FIG. 2 illustrates a structure of a radio interface protocol between a UE and the
UTRAN according to the 3GPP radio access network standards.

FIG. 3 illustrates the architecture of an LTE system.

FIG. 4 illustrates the principle of a TA update.
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FIG. 5 illustrates an example of cells and TAs.

FIG. 6 illustrates a tracking method according to one embodiment of the present
invention.

FIG. 7 illustrates a tracking method according to another embodiment of the present
invention.

FIG. 8 illustrates a block diagram of a mobile station (MS) or user equipment (UE)
according to the present invention.

The present invention addresses the disadvantages of conventional tracking area
management methods by having the UE 1 provide information to the aGW 115 that is
related to the cells and / or TAs on which the UE has camped. This facilitates the UE 1
assisting in the selection of the most suitable TAs. The methods of the present
invention can be applied either to the UMTS, LTE or any other mobile communication
system.

It is important that the aGW 115 provides parameters to the UE 1 that allow for
efficient control in order to control the triggering and content of the information sent
from the UE 1 to the aGW 115. This can be accomplished via dedicated signaling or
via broadcast signaling, such as via system information. The tracking method
according to the present invention is illustrated in FIG. 6.

As illustrated in FIG. 6, the UE 1 is assigned a set A of one or more TAs and
possibly receives information that allows the UE to collect additional information for
subsequent transmission to the aGW 115 in order to assist the assignment of new TA
(S110 and S112). The transmission of the additional information may also be done at
different occasions, such as when the UE 1 first subscribes to the aGW 115. As il-
lustrated In FIG. 6, this message is sent from the MME 115 via cell 1, but the
transmission could be done on any cell.

The UE 1 must make a new TA update once it is under the coverage of a cell that
does not broadcast any of the TAs that have been assigned to the UE or for other
reasons, such as a periodic TA update. The method of the present invention is ap-
plicable whether the TAs are assigned to the UE 1 via the two-step process illustrated
in FIG. 6 or the TAs are assigned to the UE from the MME 115 in a manner
transparent to the eNB 105 that controls the transmission in cell 1. The eNB 105 also
could determine the allowed TAs and indicate the determination to the aGW / MME
115.

The UE 1 then selects a cell for camping (S114). This cell is most likely the cell on
which the last TA update was performed and on which the UE 1 has received the in-
formation on the TAs to which it is assigned.

The UE 1 then receives relevant system information and possibly information that fa-

cilitates the UE collecting additional information for subsequent transmission to the
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aGW 115 in order to assist the assignment of new TAs (S116). This step may be
performed earlier.

The UE 1 receives the set B of TAs of the cell 1 from which the UE must be assigned
at least one TA in order to allow camping on the cell without performing a TA update
(S118). The UE 1 is now in the stable state where it has selected a tracking cell on
which it is allowed to camp without performing a TA update (S120). The UE 1 then
gathers information (S121) according to defined rules and parameters received in steps
S112 and S116 when it selects other cells that it is allowed to select without triggering
a TA update.

Cell 2 broadcasts the set C of TAs and possibly other parameters to the UE 1 (S122).
The UE 1 then reselects to the cell 2 where none of the TAs that the UE is allowed to
select without performing a tracking area update is broadcast (S124).

Therefore, the UE 1 initiates a TA update in order to update the aGW 115 on the new
location of the UE and to request a new set of allowed TAs (S126). Some additional
information is included in this request that assists the MME 115, which is the
controller of cell 2, to assign a new set of TAs to the UE 1. This message could al-
ternatively be sent directly to the aGW / MME 115 without being processed in the eNB
105.

The eNB 105 then determines some additional information that can assist the MME
115 in selecting the most suitable TAs (S127) based on the information received from
the UE 1 and possibly based on other information available in the eNB. Alternatively
the eNB 105 may have already determined the TA to be assigned to the UE 1 and may
indicate this determination to the aGW / MME 115 and to the UE.

The eNB 105 then sends the request for assignment of new TAs to the MME 115
(S128) and includes any of the additional information from the UE1 or the information
determined in the eNB 105. The MME 115 determines the new set of TAs (S130)
based on the information received from the eNB 105, which includes any of the in-
formation from the UE 1 or the eNB. The MME 115 / eNB 105 then assigns a new set
of TAs and possibly parameters related to determining the additional information
(S132 and S134).

Alternatively, the UE 1 may also send additional information that allows the eNB
105 / MMEI115 to assign more suitable TAs to the UE based on a trigger that is in-
dependent of the cell reselection or periodic timer. For example, if the UE 1 is assigned
several TAs, or a large TA, but the UE has not moved from a current cell for a long
time, the UE may indicate this information to the aGW 115 in order to allow the aGW
to assign different TAs to the UE, such as a more restrictive list of TAs, in order to
reduce the paging load. FIG. 7 illustrates this method.

Steps S210 to S220 are identical to steps S110 to S120 in FIG. 6. Therefore, these
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steps will not be addressed.

The UE 1 still gathers additional information in order to assist the aGW 115 in
selecting the most suitable TAs (S221). Additionally, the UE 1 is still camping on a
cell on which it is allowed to camp and will initiate a TA update based on a UE
internal trigger (S221). This internal trigger may be due, for example, to the fact that
during a given time period all the cells that the UE 1 has reselected broadcast at least
one TA, thereby making it advantageous that the UE should be assigned only this TA.

In a manner similar to the method illustrated in FIG. 6, the UE 1 performs the TA
update procedure including some more specific information to allow the aGW 115 to
assign the most suitable TA information (S223). The UE 1 initiates a TA update in
order to request a new set of allowed TAs (S223). Some additional information is
included in this request to assist the MME 115, which is the controller of cell 2, to
assign a new set of TAs to the UE 1.

The eNB 105 then determines some additional information that can assist the MME
115 in selecting the most suitable TAs (S227). The eNB 105 determines this additional
information based on the information received from the UE 1 and possibly based on
other information, such as the list of TAs of the neighboring cells available in the eNB.
The eNB 105 sends a request for assignment of new TAs to the MME 115 and includes
any of the additional information from the UE 1 or the information determined in the
eNB (S228).

The MME 115 determines the new set of TAs based on the information received
from the eNB 105 and any of the information from the UE 1 or the eNB. The MME
115 /eNB 105 assigns a new set of TAs and possibly parameters related to de-
termining the additional information (S232 and S234).

The description of the methods in FIGS. 6 and 7 assume that the MME 115 assigns
the TAs to the UE 1. It is also be possible that the eNB 105, which is the controller of
one or more cells, assigns the TAs and only indicates the assigned TA to the MME
115.

The additional information transmitted from the UE 1 to the aGW 115 in steps S126
and S128 of FIG. 6 and steps 223 and S228 of Fig. 7 in order to facilitate selection of
the most suitable TAs would ideally be the list of cells that the UE visited with the
timestamps for the change of cells and, additionally, the related TAs. This information
is used by the aGW 115 to determine the most suitable TAs for assignment to the UE 1
as illustrated in steps S127 and S130 in FIG. 6 and steps S227 and S230 of FIG. 7.

However, the UE 1 must filter the information because this information would
require too many resources for transmission. This filtering could, for example, imply
that the UE 1 only reports the x latest cell IDs and / or associated TAs before the TA
update has started or the cells or TAs on which the UE has camped during the previous
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y seconds before initiating the TA update, possibly including timestamps.

The number of cells or TAs, the time period y or whether the UE 1 should also report
timestamps must either be fixed as a rule or previously indicated to the UE in order to
facilitate this filtering. The information may be previously indicated to the UE 1 either
by transmission of system information, as illustrated in step S116 of FIG 6 and S216 of
FIG 7, or in a dedicated message, as illustrated in steps S110 and S112 of FIG. 6 and
steps 210 and S212 of FIG. 7.

Other parameters reported to the aGW 115 may include the UE 1 speed, direction, or
average number of cell or TA changes per second. Whether the UE 1 should transmit
this information depends on whether the UE is allowed or ordered to transmit the in-
formation either by fixed rules or by information received from the aGW 115. The in-
formation may be received from the aGW 115 either via transmission of system in-
formation, as illustrated in step S116 of FIG 6 and S216 of FIG 7, or via a dedicated
message, as illustrated in steps S110 and S112 of FIG. 6 and steps 210 and S212 of
FIG. 7.

Other information reported to the aGW 115 may include a list of TAs that were
available on all cells on which the UE 1 was camping during the latest z seconds
before the TA update. The value of z would be fixed in a rule or configured by the
aGW 115, such as via system information or via dedicated signaling.

Alternatively the UE 1 could report the last time at which the UE camped on a cell on
which that TA was indicated or not indicated for each TA present in the current cell or
for each TA that is assigned to the UE. This information would facilitate determining
the most suitable TAs for the UE 1.

The UE 1 could also include information on the TAs that are broadcast on
neighboring cells in order to prevent the need for further TA updates, possibly only if
on a given neighboring cell there is no TA broadcast to which the UE has not yet been
assigned. The UE 1 can either receive the TAs of the neighboring cell from the cell on
which it is currently camping or receive the system information from the neighboring
cell in order to determine the TA of the neighboring cell. Therefore, the aGW 115 can
assign these TAs to the UE 1 and thereby prevent the UE from camping on a cell on
which the UE would possibly receive the paging beforehand.

Additionally the speed or average number of cell or TA changes or the direction of
the UE 1 could be reported to the eNB 105. This would allow the eNB 105 to calculate
the TAs that are most suitable for the UE 1.

The aGW 115 could determine the direction and speed of the UE 1 based on the list
of cells or TAs and timestamps and thereby determine the TAs of the cells on which
the UE most likely will camp in the future in order to select from amongst them a

suitable set for assignment to the UE. Of course, if the UE 1 speed, direction or
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average number of cell or TA changes per second is known, the aGW 115 can also use
this information to determine the TAs of the cells on which the UE most likely will
camp in the future in order to select from amongst them a suitable set for assignment to
the UE based on knowledge of the topology of the cells and TAs.

The aGW 115 knows, for each TA present in the current cell or for each TA that is
assigned to the UE 1, the last time instant at which the UE camped on a cell on which
that TA was indicated or not indicated if the aGW knows a list of TAs that was
available on all cells on which the UE was camping during the latest z seconds before
the TA update. Therefore, the aGW 115 can select the TAs most suitable for the UE
from amongst those TAs and the neighboring TAs that the aGW can determine based
on knowledge of the topology of cells and TAs.

This kind of information could also be included in periodic TA updates that are
transmitted under normal circumstances in order to reduce the unnecessary overhead.
Furthermore, there are several possible triggers for performing a TA update, as il-
lustrated in step S221 of FIG. 7.

One possible trigger for the UE 1 to initiate a TA update is when the speed or
average number of cell or TA changes of the UE 1 is above or below a specified
threshold or when the speed, average number of cell or TA changes or direction of the
UE has changed. The threshold could be configured in the UE 1 either based on rules
or according to information received via broadcast or dedicated signaling from the
aGW 115.

Another possible trigger for the UE 1 to initiate a TA update is if a TA broadcast
exists on all cells that the UE has selected during the last x seconds and the UE does
not have this TA assigned, or the UE has other TAs other than that assigned TA. This
allows, for example, a UE 1 that is assigned an overlapping TA, such as TAE in FIG.
5, to trigger a TA update procedure when it is camping for the time x seconds in cell
10. This is because the UE 1 has not been assigned TAC in FIG. 5, which would allow
a more efficient handling since TAc spans a smaller area and, therefore, would reduce
the paging load. The aGW 115 can thereby reduce the unnecessary paging in cells 9
and 13 illustrated in FIG. 5.

Another possible trigger for the UE 1 to initiate a TA update is when the UE 1
receives information on TAs from neighboring cells where, for a given neighboring
cell, none of the TAs related to the neighboring cell is assigned to the UE. Similarly,
the information on the TAs could either be broadcast in system information on the cell
on which the UE 1 is currently camping or received via the system information of the
neighboring cell. Therefore, the UE 1 may need to read additional system information
from neighboring cells.

FIG. 8 illustrates a block diagram of a mobile station (MS) or UE 1. The UE 1
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includes a processor (or digital signal processor) 510, RF module 535, power
management module 505, antenna 540, battery 555, display 515, keypad 520, memory
530, SIM card 525 (which may be optional), speaker 545 and microphone 550.

A user enters instructional information, such as a telephone number, for example, by
pushing the buttons of a keypad 520 or by voice activation using the microphone 550.
The microprocessor 510 receives and processes the instructional information to
perform the appropriate function, such as to dial the telephone number. Operational
data may be retrieved from the Subscriber Identity Module (SIM) card 525 or the
memory module 530 to perform the function. Furthermore, the processor 510 may
display the instructional and operational information on the display 515 for the user’s
reference and convenience.

The processor 510 issues instructional information to the RF module 535, to initiate
communication, for example, transmits radio signals comprising voice communication
data. The RF module 535 comprises a receiver and a transmitter to receive and
transmit radio signals. An antenna 540 facilitates the transmission and reception of
radio signals. Upon receiving radio signals, the RF module 535 may forward and
convert the signals to baseband frequency for processing by the processor 510. The
processed signals would be transformed into audible or readable information outputted
via the speaker 545, for example. The processor 510 also includes the protocols and
functions necessary to perform the various processes described herein.

As the present invention may be embodied in several forms without departing from
the spirit or essential characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the details of the foregoing de-
scription, unless otherwise specified, but rather should be construed broadly within its
spirit and scope as defined in the appended claims. Therefore, all changes and modi-
fications that fall within the metes and bounds of the claims, or equivalence of such
metes and bounds are intended to be embraced by the appended claims.

The foregoing embodiments and advantages are merely exemplary and are not to be
construed as limiting the present invention. The present teaching can be readily applied
to other types of apparatuses.

The description of the present invention is intended to be illustrative, and not to limit
the scope of the claims. Many alternatives, modifications, and variations will be
apparent to those skilled in the art. In the claims, means-plus-function clauses are
intended to cover the structure described herein as performing the recited function and

not only structural equivalents but also equivalent structures.
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Claims

A method of updating a location of a mobile terminal, the method comprising:
receiving a first assignment of at least one tracking area within which the mobile
terminal is allowed to move without performing a tracking area update, the at
least one tracking area comprising a first group of one or more communication
cells; and

performing a tracking area update process upon the occurrence of a trigger
condition by transmitting information corresponding to at least one of movement
of the mobile terminal, one or more communication cells and one or more
tracking areas.

The method of claim 1, further comprising receiving a second assignment of at
least one tracking area within which the mobile terminal is allowed to move
without performing a tracking area update.

The method of claim 2, wherein the second assignment of at least one tracking
area is based on the transmitted information.

The method of claim 1, wherein the transmitted information comprises at least
one of:

the identity of each of a specified number of most recent communication cells
selected by the mobile terminal;

the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal;

the identity of each communication cell selected by the mobile terminal during a
specified immediately previous time interval;

the times at which the mobile terminal selected each communication cell that
was selected during a specified immediately previous time interval;

the identity of each tracking area that includes a communication cell selected by
the mobile terminal during a specified immediately previous time interval;

the times during a specified immediately previous time interval at which the
mobile terminal selected a communication cell not included in any tracking area
in which the immediately previous selected communication cell was included;
the speed at which the mobile communication terminal is moving;

the direction in which the mobile communication terminal is moving;

the frequency of transitions between communication cells;

the frequency of transitions between tracking areas;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell included in the corresponding

assigned tracking area;
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for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell not included in the corresponding
assigned tracking area;

for each tracking area that includes the currently selected communication cell,
the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected
communication cell; and

for each communication cell that is a neighbor to the currently selected commu-
nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell.

The method of claim 1, further comprising receiving an indication of a type of
the information to transmit.

The method of claim 5, wherein the indication of the type of the information to
transmit is received with the first assignment of at least one tracking area.

The method of claim 5, wherein the indication of the type of the information to
transmit is received with a second assignment of at least one tracking area.

The method of claim 1, wherein the trigger condition comprises the mobile com-
munication terminal moving to a communication cell not included in the first
assigned at least one tracking area.

The method of claim 1, wherein the trigger condition is the elapse of a specified
time since performing a most recent tracking area update process.

The method of claim 1, wherein the trigger condition is the mobile commu-
nication terminal remaining within a communication cell for greater than a
specific amount of time.

A method of updating a location of a mobile terminal, the method comprising:
transmitting a first assignment of at least one tracking area within which the
mobile terminal is allowed to move without performing a tracking area update,
the at least one tracking area comprising a first group of at least one commu-
nication cell; and

receiving information corresponding to at least one of movement of the mobile
terminal, one or more communication cells and one or more tracking areas.

The method of claim 11, further comprising transmitting a second assignment of
at least one tracking area within which the mobile terminal is allowed to move
without performing a tracking area update.

The method of claim 12, wherein the second assignment of at least one tracking
area is based on the received information.

The method of claim 12, further comprising receiving the first assignment of at

least one tracking area from a core network.
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The method of claim 12, further comprising receiving the second assignment of
at least one tracking area from a core network.

The method of claim 11, wherein the received information comprises at least one
of:

the identity of each of a specified number of most recent communication cells
selected by the mobile terminal;

the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal;

the identity of each communication cell selected by the mobile terminal during a
specified immediately previous time interval;

the times at which the mobile terminal selected each communication cell that
was selected during a specified immediately previous time interval;

the identity of each tracking area that includes a communication cell selected by
the mobile terminal during a specified immediately previous time interval;

the times during a specified immediately previous time interval at which the
mobile terminal selected a communication cell not included in any tracking area
in which the immediately previous selected communication cell was included;
the speed at which the mobile communication terminal is moving;

the direction in which the mobile communication terminal is moving;

the frequency of transitions between communication cells;

the frequency of transitions between tracking areas;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell included in the corresponding
assigned tracking area;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell not included in the corresponding
assigned tracking area;

for each tracking area that includes the currently selected communication cell,
the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected
communication cell; and

for each communication cell that is a neighbor to the currently selected commu-
nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell.

The method of claim 11, further comprising transmitting an indication of a type
of the information to transmit.

The method of claim 17, wherein the indication of the type of the information to

transmit is transmitted with the first assignment of at least one tracking area.
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The method of claim 17, wherein the indication of the type of the information to
transmit is transmitted with a second assignment of at least one tracking area.
The method of claim 11, further comprising transmitting the received in-
formation to a core network.

The method of claim 20, further comprising determining an amount of the
received information to transmit according to geography of a communication cell
currently selected by the mobile communication terminal.

The method of claim 11, wherein the received information is received from a
network node.

The method of claim 11, further comprising:

adding additional information to the received information;

transmitting the received information and additional information to a core
network.

A mobile terminal for updating its location, the mobile terminal comprising:

a transmitting/receiving unit transmitting and receiving information;

a display unit displaying user interface information;

an input unit receiving inputs from a user; and

a processing unit processing received information comprising a first assignment
of at least one tracking area within which the mobile terminal is allowed to move
without performing a tracking area update, the at least one tracking area
comprising a first group of one or more communication cells and performing a
tracking area update process upon the occurrence of a trigger condition by con-
trolling the transmitting/receiving unit to transmit information corresponding to
at least one of movement of the mobile terminal, one or more communication
cells and one or more tracking areas.

The mobile terminal of claim 24, wherein the processing unit further processes
received information comprising a second assignment of at least one tracking
area within which the mobile terminal is allowed to move without performing a
tracking area update.

The mobile terminal of claim 25, wherein the second assignment of at least one
tracking area is based on the transmitted information.

The mobile terminal of claim 24, wherein the transmitted information comprises
at least one of:

the identity of each of a specified number of most recent communication cells
selected by the mobile terminal;

the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal;

the identity of each communication cell selected by the mobile terminal during a
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specified immediately previous time interval;

the times at which the mobile terminal selected each communication cell that
was selected during a specified immediately previous time interval;

the identity of each tracking area that includes a communication cell selected by
the mobile terminal during a specified immediately previous time interval;

the times during a specified immediately previous time interval at which the
mobile terminal selected a communication cell not included in any tracking area
in which the immediately previous selected communication cell was included;
the speed at which the mobile communication terminal is moving;

the direction in which the mobile communication terminal is moving;

the frequency of transitions between communication cells;

the frequency of transitions between tracking areas;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell included in the corresponding
assigned tracking area;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell not included in the corresponding
assigned tracking area;

for each tracking area that includes the currently selected communication cell,
the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected
communication cell; and

for each communication cell that is a neighbor to the currently selected commu-
nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell.

The mobile terminal of claim 24, wherein the processing unit further processes
received information comprising an indication of a type of the information to
transmit.

The mobile terminal of claim 28, wherein the indication of the type of the in-
formation to transmit is received with the first assignment of at least one tracking
area.

The mobile terminal of claim 28, wherein the indication of the type of the in-
formation to transmit is received with a second assignment of at least one
tracking area.

The mobile terminal of claim 24, wherein the trigger condition comprises the
mobile communication terminal moving to a communication cell not included in
the first assigned at least one tracking area.

The mobile terminal of claim 24, wherein the trigger condition is the elapse of a
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specified time since performing a most recent tracking area update process.

The mobile terminal of claim 24, wherein the trigger condition is the mobile
communication terminal remaining within a communication cell for greater than
a specific amount of time.

A network for updating a location of a mobile terminal, the network comprising:
a transmitter transmitting messages to the mobile terminal;

a receiver receiving messages from the mobile terminal; and

a controller controlling the transmitter to transmit a first assignment of at least
one tracking area within which the mobile terminal is allowed to move without
performing a tracking area update, the at least one tracking area comprising a
first group of at least one communication cell and processing received in-
formation corresponding to at least one of movement of the mobile terminal, one
or more communication cells and one or more tracking areas.

The network of claim 34, wherein the controller further controls the transmitter
to transmit a second assignment of at least one tracking area within which the
mobile terminal is allowed to move without performing a tracking area update.
The network of claim 35, wherein the second assignment of at least one tracking
area is based on the received information.

The network of claim 35, wherein the first assignment of at least one tracking
area is received from a core network.

The network of claim 35, wherein the second assignment of at least one tracking
area is received from a core network.

The network of claim 34, wherein the received information comprises at least
one of:

the identity of each of a specified number of most recent communication cells
selected by the mobile terminal;

the identity of each tracking area that includes each of a specified number of
most recent communication cells selected by the mobile terminal;

the identity of each communication cell selected by the mobile terminal during a
specified immediately previous time interval;

the times at which the mobile terminal selected each communication cell that
was selected during a specified immediately previous time interval;

the identity of each tracking area that includes a communication cell selected by
the mobile terminal during a specified immediately previous time interval;

the times during a specified immediately previous time interval at which the
mobile terminal selected a communication cell not included in any tracking area
in which the immediately previous selected communication cell was included;

the speed at which the mobile communication terminal is moving;
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the direction in which the mobile communication terminal is moving;

the frequency of transitions between communication cells;

the frequency of transitions between tracking areas

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell included in the corresponding
assigned tracking area;

for each tracking area assigned to the mobile terminal, the last time at which the
mobile terminal selected a communication cell not included in the corresponding
assigned tracking area;

for each tracking area that includes the currently selected communication cell,
the last time at which the mobile terminal selected a communication cell not
included in the corresponding tracking area that includes the currently selected
communication cell; and

for each communication cell that is a neighbor to the currently selected commu-
nication cell, the tracking areas that include the corresponding neighbor commu-
nication cell.

The network of claim 34, wherein the controller further controls the transmitter
to transmit an indication of a type of the information that is to be received.

The network of claim 40, wherein the indication of the type of the information
that is to be received is transmitted with the first assignment of at least one
tracking area.

The network of claim 40, wherein the indication of the type of the information
that is to be received is transmitted with a second assignment of at least one
tracking area.

The network of claim 34, wherein the controller further controls the transmitter
to transmit the received information to a core network.

The network of claim 43, wherein the controller further determines an amount of
the received information to transmit according to geography of a communication
cell currently selected by the mobile communication terminal.

The network of claim 34, wherein the received information is received from a
network node.

The network of claim 34, wherein the controller further adds additional in-
formation to the received information and controls the transmitter to transmit the

received information and additional information to a core network.
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